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USE IN LIFE SUPPORT DEVICES FOR SYSTEMS MUST BE EXPRESSLY AUTHORIZED 

SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF SGS-THOMSON 
Microelectronics. As used herein: 

1 . Life support devices or systems are those which (a) are 2. A critical component is any component of a life support 

intended for surgical implant into the body, or (b) support device or system whose failure to perform can reason- 

or sustain life, and whose failure to perform, when ably be expected to cause the failure of the life support 

properly used in accordance with instructions for use device or system, or to affect its safety or effectiveness, 
provided with the product, can be reasonably expected 
to result in significant injury to the user. 
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INTRODUCTION 



AT SGS-THOMSON THE FUTURE OF DATA COMMUNICATION IS NOW. 

Pin-for-pin compatibility between key devices in both LAN and WAN applications 
enables you to develop new products in considerably less time, at dramatically lower 
costs. Essentially, your investment is reduced to one hardware and software design 
effort. This same compatibility will be maintained whenever possible through the 
evolution of future SGS-THOMSON data communication products. 

Our commitment to service is just as strong as our commitment to technology. Ontime 
delivery is one impressive example. We have the manufacturing capacity, quality and 
technical support needed tomorrow, today. 

Four and six-inch wafer production capacity at our Dallas facility is just a part of the 
extensive billion-dollar SGS-THOMSON manufacturing machine that spans the globe. 
The Dallas plant utilizes 1.2 and 1.5 micron CMOS technology to produce data 
communication ICs in large quantities. 

At SGS-THOMSON quality is a corporate-wide mission in which every employee 
shares responsibility. Demanding programs insure strict compliance with the quality 
control procedures essential to service you, our customer. 

Technical support is also a key determinate of success. SGS-THOMSON application 
engineers around the world are ready to assist you with any problems that might arise 
during the design cycle. 

Regardless of your needs, you can expect the same close cooperation, manufacturing 
quality and advanced technology that have made SGS-THOMSON Microelectronics 
a one billion dollar company and one of the world's leading semiconductor suppliers. 
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ALPHANUMERICAL INDEX 



Part 
Number 



Function 

T1 Transceiver 

CCITT X.25 Link Level Controller . . . 

SS7 Signalling Link Controller 

StarLAN HUB Chip 

Variable Bit-rate IEEE 802.3 Controller 

Technical Manual 

Manchester Encoder Decoder 

StarLAN Encoder Decoder 

Manchester/StarLAN Encoder Decoder 

Serial Input Output 

Serial Interface Adapter 

Multi Function Peripheral 

CMOS Serial Communications Controller 
HCMOS Multi Function Peripheral . . . 
Serial Communications Controller . . . 
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Number 



MK2180A 

MK5025 

MK5027 

MK5030 

MK5032 

MK5032 

MK5033 

MK5035 

MK50351 

MK68564 

MK68592 

MK68901 

MK85C30 

TS68HC901 

Z8530 



277 

205 

255 

9 

25 
39 
85 
99 
111 
307 
123 
353 
387 
481 
527 



Application 

Note 

Number 


Function 


Page 
Number 


AN224 
AN227 
AN228 
AN229 

AN230 
AN231 
AN232 


Interfacing Z8500 Universal Peripheral to the 60000 

MK5025 Transparent Mode 


621 
245 
249 

139 
141 
189 
195 


MK5025 Synchronous Timing 

Converting to the MK5032 VLANCE from the 
AM7990/MK68590 LANCE 


MK5032 interface to 68000 


StarLAN System Solution 


Manchester Encoder Decoder System Solution 
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DEVICE 


DESCRIPTION 


WIDTH 
(MILS) 


CERAMIC 


PLASTIC 


SURFACE 
MOUNT 


Page 


MK2180A 


T1 
TRANSCEIVER 


600 


— 


40-PIN DIP 


PLCC 44 


277 


MK5Q25 


X 25 
CONTROLLER 


600 


48-PIN DIP 


- 


PLCC 52 


205 


MK5027 


CCS# 7 
CONTROLLER 


600 


48-PIN DIP 


- 


PLCC 52 


255 


MK5030 


STARLAN HUB 


600 


48-PIN DIP 


48-PIN DIP 


PLCC 52 


9 


MK5032 


ETHERNET/ 

STARLAN 

V-LANCE 

CONTROLLER 


600 


48-PIN DIP 


- 


PLCC 52 
PLCC 68 


25 


MK5033 


MANCHESTER 
ENC./DEC. 


300 


28-PIN DIP 


28-PIN DIP 


- 


85 


MK5035 


MANCHESTER 
ENC./DEC. 


300 


— 


20-PIN DIP 


— 


99 


MK50351 


MANCHESTER 
ENC./DEC. 


300 


- 


20-PIN DIP 


— 


111 


MK68564 


SERIAL 

COMMUNICATIONS 

CONTROLLER 


600 


48-PIN DIP 


48-PIN DIP 


PLCC 52 


307 


MK68592 


ETHERNET 
SIA 


300 


CERDIP 
24-PIN DIP 


- 


- 


123 


MK68901 


MULTI FUNCTION 
PERIPHERAL 


600 


48-PIN DIP 


48-PIN DIP 


PLCC 52 


353 


MK85C30 


SERIAL 

COMMUNICATION 

CONTROLLER 


600 


- 


40-PIN DIP 


PLCC 44 


387 


TS68HC901 


HCMOS 

MULTI FUNCTION 

PERIPHERAL 


600 


- 


48-PIN DIP 


PLCC 52 


481 


Z8530 


SERIAL 

COMMUNICATION 

CONTROLLER 


600 


40-PIN DIP 


40-PIN DIP 


PLCC 44 


527 
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StarLAN HUB CHIP 
COMMUNICATIONS PRODUCTS 



COMPLETE HUB LOGIC DEVICE COM- 
PATIBLE TO STARLAN SPECIFICATION 
SUPPORTS MULTI-POINT EXTENSION (MPE) 
AUTO COMPENSATION FOR WIRING 
REVERSAL 
12 PORT HUB 

OPTIONAL RETIME CIRCUIT 
CASCADABLE. TWO LEVELS MAY BE CAS- 
CADED AND STILL APPEAR TO THE NET- 
WORK AS ONE YIELDING UP TO A 1 21 PORT 
HUB 

AUTO PREAMBLE GENERATION TO MI- 
NIMIZE BIT LOSS 

SELECTABLE ACTIVE CARRIER POLARITY 
SENSE 

JABBER FUNCTION ISOLATES NETWORK 
FAILURES 

OPTIONAL MINIMUM FRAME LENGTH EN- 
FORCEMENT 
COLLISION DETECTION 
_ multiple inputs 
_ missing mid-bit transition 
_ transitions too close together 
_ transitions too far apart 
- AT &T Release 1 Collision presence signal 
6X CLOCK YIELDS 167NS JITTER TOLER- 
ANCE 

TRANSMIT DATA TRAILER ENFORCEMENT 
INPUT PROTECTION AT END OF FRAME 
(20jis) 

PIN SELECTABLE HIGH-END HUB VERSUS 
INTERMEDIATE HUB 

OPTIONAL INTERNAL PULSE STRETCHER 
FOR CARRIER SENSE SQUELCH 
UPLINK AND DOWNLINK ACTIVE STATUS 
OUTPUTS 

UPLINK AND DOWNLINK COLLISION STATUS 
OUTPUTS 

PER PORT JABBER STATUS OUTPUT 
ON CHIP CRYSTAL OSCILLATOR CIRCUITRY 
35mW TYPICAL POWER DISSIPATION 



■ CMOS TECHNOLOGY 

■ 48 PIN DIP 

■ SINGLE 5-VOLT SUPPLY 

■ ALL INPUTS AND OUTPUTS TTL COM- 
PATIBLE* 

■ INDUSTRIAL VERSION AVAILABLE 

Figure 1 : MK5030 Pin Assignment. 
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X2 


3C 




U46 
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OCLK 


4C 




IMS 


MODE2 


LEDO 


5C 




3 44 


MODE3 


LED1 


•C 




H43 


MODE4 


LED2 


7d 




H42 


MODE5 


LED3 


8C 




I]*1 


M00E6 


LEDEN 
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3 40 


RESET 


CO 
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3 39 


OXO 
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11 c 
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U38 


DXEN 
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12 d 
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UXO 


D1 


13 C 
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H36 


UXEN 


C2 


14 C 
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D11 


D2 


15 E 




H34 
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16 C 




J 33 
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D3 


17 £ 




3 32 
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18 C 




U31 


09 


04 


19 E 




3 30 
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C5 


20 \Z 




3 29 


08 


D5 


21 \Z 




3 28 
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C6 


22 C 




U27 


07 


D6 


23 C 




U26 


C7 


VCC 


24 C 




H25 


GND 









DESCRIPTION 

The MK5030-HUB is a 48 pin CMOS VLSI device 
that simplifies the design and implementation of a 
StarLAN compatible HUB. This chip provides all the 
digital logic necessary in a HUB. 
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PIN DESCRIPTION 

X1 , X2 Inputs. Either connect a 6.00 ± 0.05% 

MHz crystal between the pins, or 
leave X2 not connected and apply a 
6.0MHz ± .01% square wave to X1. 
(Refer to figure 7). 

OCLK Output. Provides a TTL CLK output 

from the above crystal oscillator. This 
is useful when cascading devices. 

C0-C11 Schmitt inputs. Carrier sense inputs. 

Active state is selectable. Refer to 
MODE4 below. 

D0-D1 1 Inputs. Received data streams. 

UXD Output. UPLINK data stream to the 

next UPPER HUB, if any, in the net- 
work hierarchy. 

UXEN Output. U PLINK transmit enable indi- 

cating that UXD contains valid data. 

DXD Output. Downlink data stream to all 

ports. If MODE1 = 1 , then this data 
stream is derived from Port 11. If 
MODE1 = the n this data stream is 
identical to UXD. 

DXEN Output. Downlink transmit enable to 

all ports. If MODE1 = 1 , then this data 
stream is derived from Port 11. If 
MODE1 = 0, then this data stream is 
identical to UXEN. 

MODE0 Input. Testmode. Should be tied high 
for normal operation. Testmode is 
useful only for semiconductor device 
production test. 

MODE1 Input. If MODE1 = 1 , then the chip is 

an intermediate hub ; and C0-10/D0- 
10 inputs will be used as UPLINK in- 
puts and C11/D11 as the DOWNLINK 
input. If MODE1 = 0, then the chip is 
a high-end hub ; C0-11/D0-11 inputs 
will be used as UPLI NK in p uts and 
DOWNLINK outputs (DXD, DXEN) 
will internally be conne c ted to t he UP- 
LINK outputs (UXD, UXEN). See 
figure 5. 

MODE2 Inputs. If MODE2 = 0, then the input 
carriers have been externally 
stretched and no internal stretcher is 
desired. This stretcher is required as 
part of the squelch function. Refer to 
figure 2. If MODE2 = 1 , then the input 



carriers are threshold set off the in- 
coming data stream and an internal 
pulse stretcher must be used. With 
MODE2 = 1 , users do not need to use 
one-shots externally for each port. 

MODE3 Input. If MODE3 = 1 , then the retimer 
circuit is enabled as specified by IEEE 
802.3. If MODE3 = 0, then the retimer 
circuit is disabled. This allows HUBs 
in close physical proximity to be cas- 
caded together and appear to the net- 
work as one HUB. Refer to figure 3. 

MODE4 Input. Selects carrier active state. If 
MODE4 = 0, then the carrier inputs 
(C0-C11) are active low. If 
MODE4 = 1 then the carrier inputs 
(C0-C1 1 ) are active high. 

MODE5 Input. If MODE5 = 1, then auto pre- 
amble generation is enabled. The chip 
will initiate preamble transmission 
once phase lock is obtained. Once the 
transmit FIFO is sufficiently full, trans- 
mit data is obtained from the FIFO. 
This decreases the amount of bits a 
HUB implementation will lose. De- 
pending on the implementation, bits 
may actually be gained. If 
MODE5 = 0, then automatic pre- 
amble generation is disabled. 

MODE6 Input. If MODE6 = 1, then minimum 
frame length of 96 bits is enforced. If 
MODE6 = 0, then no minimum frame 
length is enforced. 

RESET Schmitt input. Active low. A low 

causes the device to reset. Input must 
be high for normal operation. 

LEDEN Input/output open drain. If LEDEN is 

externally connected to GND, then the 
LED (0-3) provide static st atus infor- 
mation. Otherwise, LEDEN should be 
pulled high through a 2Kohm pullup 
resistor and LED (0-3) will provide an 
ID of an internal status monitoring 
point and will pull LEDEN low if that 
monitoring point is active. This allows 
connection of a single external multi- 
plexer to drive indicating devices. 
Refer to figure 4. 
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LED0-LED3 Output. If LEDEN is connected to 
GND: 

LEDO UPLINK transmit enabled 
LED1 UPLINK collision sense 
LED2 DOWNLINK transmit enabled 
LED3 DOWNLINK collision sense. 



If LE DEN is not connected to GND, 
then LEDEN = indicates that the 
LED (0-3) specified function is active : 



LED3 


LED2 


LED1 


LEDO 


Description 


LEDEN = 


LEDEN = 1 














PORTO 


jabber 


active 


inactive 











1 


PORT 1 


jabber 


active 


inactive 








1 





PORT 2 


jabber 


active 


inactive 








1 


1 


PORT 3 


jabber 


active 


inactive 





1 








PORT 4 


jabber 


active 


inactive 





1 





1 


PORT 5 


jabber 


active 


inactive 





1 


1 





PORT 6 


jabber 


active 


inactive 





1 


1 


1 


PORT 7 


jabber 


active 


inactive 













PORT 8 


jabber 


active 


inactive 










1 


PORT 9 


jabber 


active 


inactive 







1 





PORT 10 


jabber 


active 


inactive 







1 


1 


PORT 1 1 


jabber 


active 


inactive 




1 








UPLINK 




inactive 


active 




1 





1 


UPLINK Collision 




yes 


no 




1 


1 





DOWNLINK 




inactive 


active 




1 


1 


1 


DOWNLINK Collision 




yes 


no 



vcc 

GND 



1. UPLINK and DOWNLINK status outputs are normally on and will blink off for 147mS when a frame is transmitted. LED 
on-time of 147mS is guaranteed between each off blink. 

2. UPLINK and DOWNLINK collision outputs are normally off and will blink on for 147mS when a collision is detected. LED 
off time of 147ms is guaranteed between each on blink. 

Power supply pin. + 5 VDC ± 5% 
Ground. VDC. 
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Figure 2 : Internal Versus External Time Squelch. 
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Figure 3 : Example Showing Retime and No-retime Modes. 
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Note : Sublevels A and B may either be on same circuit board or on separate boards located in close proximity. 
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Figure 4 : Status Display Modes. 
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OVERVIEW OF CIRCUIT DESCRIPTION 

The MK5030 HUB chip consists of three sub-mo- 
dules : the uplink, the downlink, and the status dis- 
play module. 

The uplink module multiplexes twelve inputs from 
stations and/or "lower" HUBS (see figure 3) and re- 
times the multiplexed data to remove jitter. The up- 
link also handles several optional features including 
retiming, disabled auto-preamble generation, and 
collision detection/transmission. Refer to figure 5, 
MK5030 HUB Block Diagram. 

The downlink module is used only in the intermedi- 
ate mode, and is nearly identical to the uplink (see 
figure 3). 

The status display modules provide both static and 
scanned display of the line activity, detected colli- 
sions, and "jabbed" inputs. 



THE UPLINK MODULE 

The uplink module has a carrier processor which 
performs the following : 

■ Detects carrier and outputs a carrier presence 
signal. 

■ Detects collision and outputs a collision presence 
signal. 

■ Will ignore one, or more, inputs by the jabber or 
protection time functions. 

■ Provides time domain filtering to improve noise 
tolerance on carrier inputs. 

■ When in the retime mode : 

- Automatically compensates for wiring rever- 
sal. 

_ Recovers clock using a DPLL (for internal 
HUB chip use only). 

_ Passes data through a serial 9 bit FIFO buff- 
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- When in minimum frame length mode, the 
frame length is guaranteed to be greater than 
96 bits. 
_ Will perform Automatic Preamble Generation 

(APG) if the optional APG is selected. 
_ Detects end of -frame using the DPLL. 
■ When NOT in the retime mode, the DPLL, APG 
and FIFO are bypassed, and the output is taken 
from the selected input without any flip-flop de- 
lays (gate delays only). 

CARRIER AND DATA INPUTS 

When an input has a signal present, the carrier will 
be detected on the appropriate pin (CO-C1 1 ). The 
carrier input is user selected for either external 
squelch (with external one-shots) or internal squelch 
(a 2(iS pulse stretcher is added by the HUB chip). 
MODE2 = selects external squelch, and MODE2 
= 1 selects internal. 

Note, a carrier input must be active for at least three 
clock samples for it to be recognized by the chip. 
Any isolated pulse less than three clock samples 
wide will be ignored. However, when using internal 
carrier squelch, the carrier must be active for at least 
one clock sample time every 2\iS to be considered 
valid beyond the initial carrier recognition. When not 
using internal squelch, the carrier must be active 
during the entire frame to avoid data loss. Ignoring 
carrier spikes provides extra noise protection and is 
also referred to as time domain filtering (TDF). 

RETIME MODE 

The selected valid data input is fed to a digital phase 
locked loop (DPLL). The DPLL is implemented withb 
a counter which clears on each transition. This gives 
a jitter tolerance of 1 67ns peak to peak (83ns peak) . 
This is 40% more tolerance than required by the 
StarLAN specification. 

The valid input is passed through a 9 bit FIFO. Out- 
put from the FIFO is prevented until the FIFO is 4 
bits full. This is called the 4 bit watermark, and gives 
the FIFO 4 bits of elasticity which is more than suf- 
ficient to absorb the allowable 0.01% clock toler- 
ance. 

AUTOMATIC PREAMBLE GENERATOR 

If AP G is ena bled, p reamble generation at the out- 
puts DXD and UXD is started as soon as the DPLL 
acquires lock. When the FIFO reaches the 4 bit 
watermark, the output data are taken from the FIFO. 



The APG keeps the preamble from "shrinking" as a 
frame is passed from HUB to HUB. Without APG, a 
HUB chip will lose an average of 2 preamble bits, 
but with APG, an average of 2 preamble bits are 
gained. This two bit gain should be taken into ac- 
count by system designers. 

AUTOMATIC COMPENSATION FOR WIRING 
REVERSAL 

When installing twisted pair telephone wiring, it is 
often difficult and expensive to maintain proper po- 
larity on the wire pairs. The MK5030 will automati- 
cally compensate for this reversal on a per port 
basis. Any frame that is received with inverse po- 
larity will be de tected and will be transmitted on the 
DXD and UXD pins with the correct polarity. This po- 
larity compensation is active only while in the retime 
mode. 

MINIMUM FRAME LENGTH ENFORCEMENT 

When minimum frame length enforcement (FLE) is 
enabled (MODE6 = 1) and the MK5030 is in retime 
mode, the input carrier is assumed to be valid for at 
least 96 bit times. If either the incoming carrier goes 
inactive or EOF is detected prior to 96 bit times, the 
MK5030 will send collision presence (CP) for the re- 
mainder of the 96 bit times. This feature is import- 
ant in multi-port environments where signal 
superposition may cause early carrier dropout. 
NOTE : IEEE standards committee is, at the print- 
ing, still defining FLE. The actual length guaranteed 
is subject to change. 

NO-RETIME MODE 

If the retime mode is disabled, then the DPLL, FIFO, 
and APG are bypassed. The outputs, DXD and 
UXD.are taken from the selected input without 
clocked delays (i.e., flip-flops). There are gate de- 
lays only. End-of-frame is detected by a counter in- 
stead of the DPLL. The advantage of the no-retime 
mode is that two HUBs cascaded together will ap- 
pear to the network as one. See figure 3. In no-re- 
time mode, an average of 2 bits will be lost as 
outputs are enabled after the first rising edge of the 
incoming data. 

PROTECTION TIME 

At the end of each frame, all carrier inputs are ig- 
nored for 20jxS. This is called the protection time and 
insures immunity to post end-of-frame spikes 
caused by transformer coupling. 
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Figure 5 : MK5030 HUB Block Diagram. 
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Figure 6 : Scan Display Timing. 
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COLLISION 

A collision is defined when any one of the following 
five conditions exists : a. Multiple carrier inputs ; b. 
Manchester code violations ; c. FIFO under- 
flow/overflow exception, d. PLL lock acquisition ti- 
meout ; e. frame length violation. An IEEE de fined 
collision presence (CP) code is placed on the UXD 
output. The starting point of the CP sequence is ad- 
justed to allow faster CP detection by the remote 
station or HUB. The HUB chip is fully upward com- 
patible with the existing AT&T release 1 CP signal. 

JABBER 

If a station transmits data for greater than 27mS 
(which allows twice its normal maximum frame size) 
then the HUB will output a CP signal. This should 
correct the error in the station in most cases. How- 
ever, if that station continues to transmit for up to a 
total time of 54mS, then the station is "jabbed". This 
means that the jabber function in the HUB chip will 
ignore that input and, in effect, remove the station 
from the network. If the "jabbed" station goes silent 
and then is the originator of new data, the station is 
allowed back onto the network by the HUB chip. 

Thus, StarLAN networks automatically adjust as 
portions of the network fail and are repaired. 

THE DOWNLINK MODULE 

The downlink is identical to the uplink except with- 
out the multiplexer, frame length enforcement, and 
jabber functions. In the intermediate mode (MODE1 
= 1), port 11 is a downlink input connected to the 
next "higher" HUB downlink output. See fig. 3. In the 
high-end mod e (MODE1 = 0), all twelve ports feed 
th e uplink and DXD-DXEN are internally connected 
to UXD-UXEN. 

Figure 7 : Oscillator Operation. 



STATUS DISPLAY 

Two di splay mo des are supported : static and scan. 
When LEDEN is externally tied to GND, then 
LEDO - LED3 provide static status information. 
When LEDEN is externally tied to VCC through a 
pull-up resistor, then an external demultiplexer 
(such as a 74154) may be used to provide 16 lines 
of status information. See Figures 4 and 6, and also 
see the description of pins LEDO - LED3. 

OSCILLATOR 

The MK5030 will accept two forms of clock input : a 
CMOS input or a crystal. If pin X2 is left uncon- 
nected, a 6.0MHz ± 0.01 % CMOS clock may be ap- 
plied to pin X1 . Alternately, a crystal circuit may be 
connected between X1 and X2 to form the basis of 
an oscillator. Typically, a 6.0 ± 0.005% parallel res- 
onant crystal is needed to insure the ± 0.01% fre- 
quency accuracy required for StarLAN. Refer to 
figure 7. A fundamental mode, parallel resonance 
type crystal should be used with the manufacturer's 
suggested load capacitance. 

OCLK provides a TTL CMOS level clock output use- 
ful for cascading HUB chips or driving surrounding 
logic. 

RESET INPUT 

The reset pin is an active low Schmidt trigger input. 
A simple RC network may be used to insure correct 
operation upon power-up. In addition, if the mode 
inputs are changed after the application of power, 
reset must be reapplied. If either MODE1 or MODES 
is changed, an internal reset is generated automati- 
cally. Refer to fig. 8. 



A) EXTERNAL CLOCK 



B) CRYSTAL OPERATION 
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Figure 8 : Typical RC Connection for Power-On Reset. 




SYSTEM PERFORMANCE CONSIDERATIONS 

USING THE MK5030 

The MK5030 has several modes of operation. This 

Figure 9 : MK5030 External Component Diagram. 



allows designers flexibility in their design. Figure 9 
shows a typical circuit diagram. 
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ELECTRICAL SPECIFICATIONS 

This chapter provides tabular presentations for Ab- 
solute Maximum Ratings, DC Characteristics, Ca- 
pacitance, and AC Timing Specifications. In 

ABSOLUTE MAXIMUM RATINGS 



addition, illustrations are provided for an Output 
Load Diagram (figure 10) and HUB Timing Diag- 
rams. 



Symbol 


Parameter 


Value 


Unit 




Temperature under Bias 


-25 to + 100 


°C 




Storage temperature 


- 65 to + 150 


°C 




Voltage on any Pin with Respect to Ground 


- 0.5 to V C c + 0.5 


V 




Power Dissipation (no load) 


125 


mW 



Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other condition above those indicated in the operational sections of the specifica- 
tion is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 



DC CHARACTERISTICS T A 


= 0°Cto70°C,Vcc = 


+ 5V ± 5% unless otherwise specified. 




Symbol 


Test Condition 


Min. 


Max. 


Unit 


V|L 


> 


-0.5 


+ 0.8 


V 


V,H 


Except Pin X1 


+ 2.0 


Vcc + 0.5 


V 


V| H 


Pin X1 


+ 3.5 


Vcc + 0.5 


V 


Vol 


@ Iol = 3.2mA 




+ 0.5 


V 


VOH 


@ Iqh =- 0.4mA 


+ 2.4 




V 


IlL 


@ Vin = 0.4 to Vcc 




± 10 


MA 


Ice 


@ T X i =6MHz 




25 


mA 



CAPACITANCE F=1MHz 



Symbol 


Test Condition 


Min. 


Max. 


Unit 


C|N 






10 


pf 


CoUT 






10 


pf 


Cio 






20 


pf 



Gi 
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AC TIMING SPECIFICATIONS 

T A = 0°Cto 70°C, V cc = + 5V ± 5% unless otherwise specified, V TH = 2.0V, V TL =0.8V 



# 


Signal 


Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


1 


Xi 


Txit 


X1 Period 


160 






ns 


2 


Xi 


Txil 


X1 Low Time 


60 






ns 


3 


Xi 


Txih 


X1 High Time 


60 






ns 


4 


Xi 


Txir 


Rise Time of X1 







10 


ns 


5 


Xi 


Txif 


Fall Time of X1 







10 


ns 


6 


X2 


Tx2 


X2 Delay from X1 




30 




ns 


7 


OCLK 


ToCLK 


OCLK Delay from X1 






45 


ns 


8 


UXD 


Tuxd 


UXD Delay from X1 




45 


65 


ns 


9 


UXEN 


TuXEN 


UXEN Delay from X1 




48 


75 


ns 


10 


DXD 


Tdxd 


DXD Delay from X1 




48 


65 


ns 


11 


DXEN 


Tdxen 


DXEN Delay from X1 




51 


75 


ns 


12 


UXD 


JUXD 


Transmit Jitter : | Tuxd t - Tuxd i | -*- 2 




2 


4 


ns 


13 


DXD 


Jdxd 


Transmit Jitter : | Tdxd T - Tdxd I I + 2 




2 


4 


ns 


14 


CO- 11 


Tcs 


C0-1 1 Setup to X1 


15 






ns 


15 


C0-11 


Tch 


C0-1 1 Hold from X1 


15 






ns 


16 


D0-11 


Tds 


D0-11 Setup to X1 


15 






ns 


17 


D0-11 


Tdh 


D0-1 1 Hold from X1 


15 






ns 


18 


D0-11 


Jdin 


D0-1 1 Incoming Jitter Tolerance 






162 


ns 


19 


UXD, DXD 


Tpxd 


Delay from any D Input 




42 


60 


ns 


20 


UXD, DXD 


Jnr 


No Retime Jitter : | T XD T - T XD i I + 2 




2 


4 


ns 


21 


LEDO-3 


Tled 


Delay from X1 




50 




ns 


22 


LEDEN 


Tledenr 


Guaranteed Release Time until LED0-3 
Change 




2600 




ns 


23 


LEDEN 


Tledenr 


Delay from LED0-3 Transition 




2660 




ns 



Figure 10 : Oscillator Timing Diagram. 
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Figure 11 : Retimer Enabled (M0DE3 = 1) Timing Diagram. 
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Figure 12 : Retimer Disabled (MODE3 = 0) Timing Diagram, 
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Figure 13 : Status Display Timing Diagram. 
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Figure 14 


Output Load Diagram. 
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GLOSSARY OF TERMS 

automatic preamble An optional circuit in the HUB 
generator (APG) chip which will begin preamble 
generation before the FIFO 
reaches the 4 bit watermark. 
The APG replaces a 2 bit loss 
in the preamble through a HUB 
with a 2 bit gain. See Retime 
Mode. 



protection time 



downlink 



A 20jaS period at the end of 
each frame where all carrier in- 
puts are ignored. This protec- 
tion insures immunity to post 
end-of-frame spikes caused by 
transformer coupling. See Pro- 
tection Time. 

The data path going from a 
"higher" HUB to the next 
"lower" HUB, or going from a 
HUB back to the stations. 



high-end hub 



intermediate hub 



jabber 



uplink 



A HUB that does not connect 
to another "higher" HUB . The 
downli nk outputs, DXD and 
DXEN, are internally con- 
nected to the u plink outputs, 
UXD and UXEN. 

A HUB that connects to an- 
other "higher" HUB. Pins C11 
and D11 must be used as 
downlink inputs. 

A circuit module inside the 
HUB chip which protects the 
network from a station which is 
constantly transmitting. See 
Jabber. 

The data path going from a 
"lower" HUB to the next 
"higher" HUB, or going from the 
stations to a HUB. 
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PACKAGE DESCRIPTION 

48 Pin Ceramic - MK5030P 




48 Pin Plastic - MK5030N 



AAA A\ \ A AAA 

48 \ \ 25 



b 




V V V V \ \W KJ \J 





MILLIMETERS 


INCHES 


DIM 


MIN 


MAX 


MIN 


MAX 


A 


61.468 


62.738 


2.420 


2.470 


B 


14.986 


16.256 


.590 


.640 


C 


13.462 


13.97 


.530 


.550 


D 


3.556 


4064 


.140 


.160 


E 


0.381 


1.524 


.015 


060 


F 


3048 


3.81 


.120 


.150 


G 


1.524 


2.286 


.060 


.090 


H 


1.186 


1.794 


.090 


.110 


J 


15.24 


17.78 


.600 


.700 


K 


0.381 


0.533 


.015 


.021 


L 


0.203 


0.305 


.008 


.012 


M 


1.143 


1.778 


.045 


.070 




23 EQUAL SPACES 
AT 0.100 ± 0.010 (T.N.A.) 
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VARIABLE BIT-RATE (1 - 10MHz) 
IEEE 802.3 CONTROLLER 



■ SUPPORTS LAN STANDARDS : 

IEEE 802.3, ETHERNET, CHEAPERNET, AND 
STARLAN 

■ SUPPORTS DATA RATES FROM 1 TO 10Mbps 
. SUPPORTS SYSTEM CLOCKS FROM 1 TO 

10MHz 
. ON-CHIP DMA WITH BUFFER MANAGEMENT 

USING CIRCULAR QUEUES 
. COMPLETE CSMA/CD DATA LINK CONTROL- 
LER (MAC) 
. PREAMBLE INSERTION AND CHECKING 
. CRC INSERTION AND STRIPPING 
m GENERAL PURPOSE BUS INTERFACE COM- 
PATIBLE WITH 8086 AND 68000 BUSES 

■ CABLE FAULT DETECTION 

. 48 PIN DIP. + 5V ONLY. ALL INPUTS/OUT- 
PUTS TTL COMPATIBLE 

. COMPATIBLE WITH MK5033, MK50351 EN- 
CODER/ DECODER AND WITH MK68591/2 SER- 
IAL INTERFACE ADAPTOR 

DESCRIPTION 

The 5032 variable Bit-Rate LANCE is a 48-pin VLSI 
device that simplifies the interfacing of a microcom- 
puter or a minicomputer to an IEEE 802.3 Local 
Area Network. 

PIN DESCRIPTION 

DAL00-DAL15 

(Data/Address Bus ) 

Input/Output Three State. The time multiplexed Ad- 
dress/Data bus. These lines will be driven as a bus 
master and as a bus slave. 

READ 

Input/Output Three State. Indicates the type of oper- 
ation to be performed in the current bus cycle. When 
it* is a bus master, MK5032 drives this signal. 

MK5032 as bus slave : 

High - The chip places data on the DAL lines. 
Low - The chip takes data off the DAL lines. 

MK5032 as bus master : 

High - The chip takes data off the DAL lines. 
Low - The chip places data on the DAL lines. 



Figure 1 : Pin Connections. 



v S s 

DAL07 
DAL06 








v C c 

DAL08 
DAL09 


1 
2 
3 


• 


48 
47 
46 


DAV05 
DAL04 


4 
5 




45 
44 


DAL 10 
DAL11 


DAL03 


6 




43 


DAU 2 


DAL02 
DALOI 


7 
8 




42 

41 


DAL13 
DA1 14 


DALOO 


9 




40 


DAL15 


READ 


10 




39 


A 16 


Tntr 


11 




38 


A 17 


DAU 
DALO 


12 
13 


MK5032 


37 
36 


A 18 
A 19 


DAS 


14 




35 


A 20 


BMO/BYTE 


15 




34 


A 21 


BM1 fBUSAKO 

HOLD'BUSRQ 

ALE -AS 

HLDA 

CS 


16 
17 
18 
19 
20 




33 
32 
31 
30 
29 


A 22 

A23 

RX 

RENA 

TX 


ADR 


21 




28 


CLSN 


READY 
RESET 


22 
23 




27 
26 


HCLK 
TENA 


v S s 


24 




" 


SCLK 







INTR 
(Interrupt) 

Output Open Drain. When enabled, an attention sig- 
nal that indicates the occurence of one or more of 
the following events : a message reception or trans- 
mission has completed or an error has occured dur- 
ing the transaction ; the initialization procedure has 
completed ; or a memory error has been en- 
countered. Setting INEA in CSRO (bit 06) enables 
INTR. 

DALI 

(Data/Address Line In) 

Output Three State. An external bus transceiver 
control line. When MK50 32 is a bus master and 
reads from the DAL lines, DALI is asserted during 
the data portion of the transfer. 



DALO 

(Data/Address Line Out) 

Output Three State. An external bus transceiver 
control line. When M K5032 is a bus master and 
drives the DAL lines, DALO is asserted during the 
address portion of a read transfer of for the duration 
of a write transfer. 
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DAS 

(Data Strobe) 

Input/Output Three State. Defines the data portion 
of the bus transaction. DAS is driven is driven only 
as a bus master. 



BMO, BM1 OR BYTE, BUSAKO 
(Byte Mask) 

Output Three State. Pins 15 and 16 are programm- 
able thro ugh bit ( 00) of CSR3 (known as BCON). 
Asserting RESET clears CSR3. 

CSR3(00) BCON = 

PIN 16 = BMT (Output Three State) 

PIN 15 = BMO (Output Three State) 

BMO, BM1 Byte Mask. Indicates the byte(s) of a bus 
transaction to be read or written. The BM lines are 
ignored as a bus slave and assume word transfers 
only. The MK5032 drives the BM lines only when it 
is a bus master. Byte selection occurs as follows : 



BM1 BMO 




Low Low 


Whole Word 


Low High 


Byte of DAL 08 -DAL 15 


High Low 


Byte of DAL 00 - DAL 07 


High High 


None 


CSR3(00) BCON = 


= 1 



PIN 16 = BUSAKO (Output) 

PIN 15 = BYTE (Output Three State) 

BYTE. An alternate byte selection line. Byte selec- 
tion occurs when the BYTE and DAL (00) lines are 
latched during t he ad dres s port ion of the bus trans- 
action. BYTE, BMO and BM1 are ignored when 
MK5032 is a bus slave. There are two modes of or- 
dering bytes depending on bit (02) of CSR3, (known 
as BSWP). This programmable ordering of upper 
and lower bytes when using BYTE and DAL (00) as 
selection signals is required to make the ordering 
compatible with various 1 6-bit microprocessors. 
BSWP = BSWP = 1 
BYTE DAL(00) BYTE DAL(00) 



Low 


Low 


Low 


Low 


Whole Word 


Low 


High 


Low 


High 


Illegal Condition 


High 


High 


High 


Low 


Upper Byte 


High 


Low 


High 


High 


Lower Byte 


BUSAKO. The DAM daisy chain output. 



HOLD/BUSRQ 

(Bus Hold Request) 

Input/Output Open Drain. MK5032 assert s this s ig- 
nal when it requires access to memory. HOLD is 
held low for the entire bus transaction. This bit is pro- 
grammable through bit (00) of CSR3 (known as 



BCON) In the daisy chain DAM mo de (BCON = 1) 
BUSRQ is asserted only if BUSRQ is inactive prior 
to asse rtion. Bit (00) of CSR3 is cleared when 
RESET is asserted. 

CSR3(00) BCON = 

PIN 1 7 = HOLD (Output Open Drain) 
CSR3(00) BCON = 1 

PIN 1 7 = BUSRQ (Output Open Drain) 

BUSRQ will be asserted only if PIN 17 is high 
prior to assertion. 

ALE/AS 

(Address Latch Enable) 

Output Three State. Used to demultiplex the DAL 
lines and define the address portion of the bus cycle. 
This pin is programmable through bit (01 ) of CSR3. 
As ALE, the signal transitions from high to low at the 
end of the address portion of the bus the address 
portion of the bus transaction and remains low dur- 
ing the entire data portion of the transaction. As AS, 
the signal transitions from low to high at the end of 
the address portion of the bus transaction and re- 
mains high throughout the entire data portion of the 
transaction. The MK5032 drives the ALE/AS line 
only as a bus master. 

CSR3(01)ACON = Q 

PIN 18 = ALE 
CSR3(01)ACON = 1 

PIN18 = AS 



HLDA 

(Bus Hold Acknowledge) 

Input. A response to H OLD in dicating that the 
MK50 32isth e Bus Master. HLDA stops its response 
when HOLD ends its assertion. 

CS 

(Chip Select) 

Input. When asserted, CS indicates MK5032 is the 
slave device of the data transfer. CS must be valid 
throughout the data portion of the bus cycle. 

ADR 

(Register Address Port Select) 

Input. When CS is asserted, ADR indicates which 

of the two register ports is selected. ADR must be 

valid throughout the data portion of the bus cycle. 

DATA PORT 

Low Register Data Port 

High Register Address Port 

READY 

Input/Output Open D rain. When the MK5032 is a 
bus master, READY is an asynchronous acknow- 
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ledgement from external memory that will complete 
the data transfer. As a bus slave, the chip asserts 
READY when it has put d ata on th e bus, or is about 
to ta k e data o ff the bus. R EADY is a response to 
DAS . READY negates after DAS negates. Note : If 
DAS or CS dea ssert prior to the assertion of 
READY, READY cannot assert. 



RESET 



Input. Bus reset signal. Causes MK5032 to cease 
operation and to enter an idle state. 

SCLK 

(System Clock) 

Input. A clock from 1 to 10MHz. 

TENA 

(Transmit Enable) 

Output. Transmit Output Stream Enable. A level as- 
serted with the transmit output bit stream, TX, to en- 
able the external transmit logic. 

RCLK 

(Receive Clock) 

Input. Normally a 6 square wave synchronized to 
the receive data and present only while receiving an 
input bit stream. 

CLSN 

(Collision) 

Input. A logical input that indicates that a collision is 
occuring on the channel. 

TX 

(Transmit) 

Output. Transmit output bit stream. This pin is pro- 
grammable through bit (07) of the MODE REGIS- 
TER (MAN). When this bit is a "zero" the output data 
stream will be NRZ. When MAN is set to a "one", 
the data will be Manchester Encoded starting at a 
zero level and ending at the end of packet in a mark- 
ing condition. (Continuous one level). This mode will 
function only when the data rate is programmed less 
than the rate of SCLK. 

Three other bits in the MODE register provide a data 
rate division of 1, 2, 4, 6, 8, or 10. This means that 
the data rate of TX will be a division of SCLK. For 
more details on the MODE register, see the techni- 
cal manual. 

RENA 

(Receive Enable) 

Input. A logical input that indicates the presence of 
data on the channel. 

RX 

(Receive) 

Input. Receive input bit stream. 



A16-A23 

(High-Order Address Bus) 

Output Three State. The additional address bits 
necessary to extend the DAL lines to produce a 24- 
bit address. These lines will be driven only as a bus 
master. 

vcc 

Power supply pin. + 5VDC ± 5 percent. 
Filtering : A power supply filter is recommended at 
the MK5032 between Vcc (48) and Vss (1 , 24). This 
filter consists of two capacitors in parallel having the 
values of 1 jut and 0.47 jaf respectively. 

VSS 

Ground. VDC. 

FUNCTIONAL CAPABILITIES 

The MK5032 interfaces to a microprocessor bus 
characterized by time-multiplexed address and da- 
ta lines. Typically, data transfers are 1 6 bits wide but 
byte transfers occur if the buffer memory address 
boundaries are odd. The address bus is 24 bits 
wide. 

The IEEE 802.3 packet format consists of 64-bit pre- 
amble, a 48-bit destination address, a 48-bit source 
address, a 16-bit field, and from a 46 to 1500 byte 
data field terminated with a 32-bit CRC. The pac- 
kets' variable widths accommodate both short- 
status command and terminal traffic packets and 
long data packets to printers and disks (1024-byte 
disk sectors, for example). Packets are spaced a 
minimum of 96 bit times apart to allow one node 
enough time to receive back-to-back packets. 

The MK5032 operates in a minimal configuration 
that requires close coupling between local memory 
and a processor. The local memory provides packet 
buffering for the chip and serves as a communica- 
tion link between chip and processor. During initial- 
ization, the control processor loads the starting 
address of the initialization block plus the operating 
mode of the chip via two ports that can access four 
control registers into MK5032. The host processor 
talks directly to MK5032 only during this initial 
phase. All further communications are handled via 
a Direct Memory Access (DMA) machine under 
microword control contained within MK5032. 
Figure 2 shows a block diagram of the MK5032 and 
PLS (MK68591 , MK50351 , or MK5033) device used 
to create an IEEE 802.3 interface for a computer 
system. 
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mode of the chip via two ports that can access four 
control registers into MK5032. The host processor 
talks directly to MK5032 only during this initial 
phase. All further communications are handled via 
a Direct Memory Access (DMA) machine under 



microword control contained within MK5032. 
Figure 2 shows a block diagram of the MK5032 and 
PLS (MK68591 , MK50351 , or MK5033) device used 
to create an IEEE 802.3 interface for a computer 
system. 



Figure 2 : Ethernet Local Area Network System Block Diagram. 
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FUNCTIONAL DESCRIPTION 

SERIAL DATA HANDLING 

MK5032 provides the IEEE 802.3 interface as fol- 
lows. In the transmit mode (since there is only one 
transmission path, IEEE 802.3 is a half duplex sys- 
tem), the MK5032 reads data from a transmit buff- 
er by using DMA and appends the preamble, sync 
pattern (two ones after alternating ones and zeros 
in the preamble), and calculates and appends the 
complement of the 32-bit CRC. In the receive mode, 
the destination address, source address, type, data, 
and CRC fields are transferred to memory via DMA 



cycles. The CRC is calculated as data and trans- 
mitted CRC is received. At the end of the packet, if 
this calculated CRC does not agree with a constant, 
an error bit is set in RDM1 of the receiver descrip- 
tor ring. In the receive mode, MK5032 accepts pac- 
kets under four modes of operation. The first mode 
is a full comparison of the 48-bit destination address 
in the packet with the node address that was pro- 
grammed into the MK5032 during an initialization 
cycle. There are two types of logical addresses. One 
is a group type mas ; where the 48-bit address in 
the packet is put through a hash filter in order to map 
the 48-bit physical addresses into 1 of 64 logical 
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ation is the so called "promiscuous mode" in which 
a node will accept all packets on the cable regard- 
less of their destination address. 

COLLISION DETECTION AND IMPLEMENTA- 
TION 

The IEEE 802.3 CSMA/CD network access algo- 
rithm is implemented completely within MK5032. In 
addition to listening for a clear network cable before 
transmitting, IEEE 802.3 handles collisions in a pre- 
determined way. Should two transmitters attempt to 
seize the network cable at the same time, they will 
collide, and the data on the network cable will be 
garbled. MK5032 is constantly monitoring the Colli- 
sion (CLSN) pin. This signal is generated by the 
MAU when the signal level on the network cable in- 
dicates the presence of signals from two or more 
transmitters. If MK5032 is transmitted when CLSN 
is asserted, it will continue to transmit the preamble 
(collisions normally occur while the preamble is 
being transmitted), then will "jam" the network for 32 
bit times. This jamming ensures that all nodes have 
enough time to detect the collision. The transmitting 
nodes then delay a random amount of time accord- 
ing to the "truncated binary backoff" algorithm 
defined in the IEEE 802.3 specification to minimize 
the probability of the colliding nodes having multiple 
collisions with each other. After 1 6 abortive attemps 
to transmit packet, MK5032 will report a RTRY error 
due to excessive collisions and step over the trans- 
mitter buffer. During reception, the detection of a col- 
lision causes that reception to be aborted. 
Depending on when the collision occurred, MK5032 
will treat this packet as an error packet if the packet 
has an address mismatch, as a runt packet (a 
packet that has less than 64 bytes), or as a legal 
length packet with a CRC error. 

Fatal error reporting is provided by the MK5032 
through a microprocessor interrupt and error flags 
in CSRO. These error conditions are collision error 
(the failure of the MAU to send a signal-quality-er- 
ror message at the conclusion of a normal transmis- 
sion), transmitter ON longer than 1 51 8 bytes, a mis- 
sed packet, and a memory error (failure of a memo- 
ry transaction to complete within 256 sys clocks). 

Additional errors are reported through bits in the de- 
scriptor rings (on a buffer by buffer basis). Receive 
error conditions include framing, CRC and buffers 
errors, and overflow. Transmit descriptor rings have 
error bits indicating buffer, underflow, late collision, 
and loss of carrier. Additionally, transmit descriptor 
rings have a bit indicating that the transmitter has 



unsuccessfully tried to transmit over a busy com- 
munication link. 

Transmit descriptor rings also have ten bits reserved 
for a Time Domain Reflectometry counter (TDR). On 
the occurance of a collision, the value in the TDR 
will give the number of system clocks until the colli- 
sion, which can be used to determine the distance 
to the fault. 

BUFFER MANAGEMENT 

A key feature of the MK5032 and its DMA channel 
is the flexibility and speed of communication be- 
tween the MK5032 and the host microprocessor 
through common memory locations. The basic or- 
ganization of the buffer management is a circular 
queue of tasks in memory called descriptor rings, as 
shown if figure 3. These rings control both transmit 
and receive operations. Up to 128 tasks may be 
queued on a descriptor ring for execution by the 
MK5032. Each entry in a descriptor ring holds a 
pointer to a data memory buffer and an entry for the 
data buffer length. Data buffers can be chained or 
cascaded to handle a long packet in multiple data 
buffer areas. The MK5032 searches the descriptor 
rings to determine the next empty buffer. This en- 
ables it to chain buffers together or to handle back- 
to-back packets. As each buffer is filled, an "own" 
bit is reset, signaling the host processor to empty 
this buffer. 

MICROPROCESSOR INTERFACE 

The parallel interface of MK5032 has been designed 
to be "friendly", or easy to interface, to many popu- 
lar 16-bit microprocessors. These microprocessors 
include the TS68000, Z8000, 8086, LSI-11, T-11. 
MK5032 has a wide 24-bit linear address space 
when in the Bus Master Mode, allowing it to DMA 
the entire address space of the above microproces- 
sors. MK5032 uses no segmentation or paging me- 
thods. As such, MK5032 addressing is closest to 
MK68000 addressing, but is compatible with the 
other microprocessors. When MK5032 is a bus 
master, a programmable mode of operation allows 
byte addressing, either by employing a Byte/Word 
control signal (much like that used on the 8086 or 
the Z8000) or by using an Upper Data Strobe/Lower 
Data Strobe much like that used on the TS68000, 
LSI-1 1 microprocessors. A programmable polarity 
on the Address Strobe signal eliminates the need 
for external logic. MK5032 interfaces with multi- 
plexed and demultiplexed data busses and features 
control signals for address/data bus transceivers. 
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After the initialization routine, packet reception or CSRO.Bit (06) of CSRO, INEA, enables or disables 



transmission, transmitter timeout error, a missed 
packet, or memory error, the MK5032 generates an 
interrupt to the host microprocessor. 
The cause of the interrupt is ascertained by reading 

Figure 3 : MK5032 Memory Management. 



interrupts to the micorprocessor. In the polling 
mode, BIT (07) of CSRO is sampled to determine if 
an interrupt causing condition has occurred. 
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MK5032 INTERFACE DESCRIPTION 

ALE, DAS and READY time all data transfers from 
the MK5032 in the Bus Master mode. T he autom atic 
adjustment of the MK5032 cycle by the READY sig- 
nal allows synchronization with variable cycle time 
memory due either to memory refresh or to dual port 
access. Bus cycles are a minimum of 600ns long 
and can be increased in 100ns increments. 

READ SEQUENCE 

At the beginning of a read cycle, valid addresses are 
placed on DAL00-DAL15 and A16-A21. The BYTE 
Mask signals (BMO and BM1) become valid at the 
beginning of this cycle as does READ, indicating the 
type of cycle. The trailing edge of ALE or AS strobes 
the addresses A0-A1 5 into the external latches. Ap- 
proximately 100ns later, DAL00-DAL15 go into a 
three state mode. There is a 50ns delay to allow for 
tranceiver turnaround, then DAS falls low to signal 
the beginning of the data portion of the cycle. At this 
point in the cycle, the MK 5032 sta lls waiting for the 
m emory d e vice to assert READY. Upon assertion 
of READY, DAS makes a tra nsitio n from a zero to 
a one, latching memory data. (DAS is low for a mini- 
mum of 200ns). 

The bus transceiver controls, DALI and DALO, con- 
trol the bus transceivers. DALI signals to strobe data 

MK5032 ELECTRICAL SPECIFICATION 
ABSOLUTE MAXIMUM RATINGS 



MK5032 



toward the MK5032 and DALO signals to strobe 
data or addr esses a way from the MK50 32. D uring 
a read cycle, DALO goes inactive before DALI goes 
active to avoid "spiking" of bus transceivers. 

WRITE SEQUENCE 

The write cycle begins exactly like a read cycle with 
the READ line remaining inactive. After ALE or AS 
pulse , the DAL00-DAL1 5 change from addresses to 
data. DAS goes active when the DAL00-DAL1 5 are 
stable. This data remai ns valid o n the bus unt il the 
memory device asserts READY. At this point, DAS 
goes inactive, latching data into the memor y dev ice. 
Data is held for 75ns after the negation of DAS. 

MK5032 INTERFACE DESCRIPTION BUS 
SLAVE MODE 

The MK5032 enters the Bus Slave Mode whenever 
CS becomes active. This mode must be entered 
whenever writing or reading the four status control 
registers (CSR0, CSR1 , CSR2, and CSR3) and the 
register address pointer (RAP). RAP and CSR0 may 
be read or written to at any time, but the MK5032 
must be stopped (CSR0 bit 02) when CSR1 , CSR2, 
or CSR3 is to be written to or read. 



Symbol 


Parameter 


Value 


Unit 


T A 


Temperature Under Bias 


-25 to + 125 


°C 


T stq 


Storage Temperature 


- 65 to + 150 


°C 


V| 


Voltage on any Pin with Respect to Ground 


-0.3 to + 7 


V 


P D 


Power Dissipation 


2.0 


V 



Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other condition above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 



DC CHARACTERISTICS T A = 0°C to 70°C, V cc = 


+ 5V ± 5 percent unless otherwise specified. 




Symbol 


Parameter 


Min. 


Max. 


Unit 


V,L 


Input Low Voltage 


-0.5 


+ 0.8 


V 


VI H 


Input High Voltage 


+ 2.0. 


V cc +0.5 


V 


Vol 


Output Low Voltage 




+ 0.5 


V 


VqH 


Output High Voltage 


+ 2.4 




V 


IlL 


Input Leakage 




±10 


uA 
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CAPACITANCE F=1MHz 


Symbol 


Parameter 


Min. 


Max. 


Unit 


C|N 


Input Capacitance 




10 


PF 


GOUT 


Output 




10 


PF 


Cio 






20 


PF 


AC TIMING SPECIFICATIONS (T A = 0°C to 70°C, V cc = + 5V ± 5 percent, unless otherwise specified. 


N° 


Signal 


Symbol 


Parameter 


Test Conditions 


Min. 

(ns) 


Typ. 

(ns) 


Max. 

(ns) 


1 


SCLK 


T SCT 


SCLK Period 




99 




101 


2 


SCLK 


Tscl 


SCLK Low Time 




45 




55 


3 


SCLK 


T SCH 


SCLK High Time 




45 




55 


4 


SCLK 


T SCR 


Rise Time of SCLK 









8 


5 


SCLK 


Tscf 


Fall Time of SCLK 









8 


6 


TENA 


T TEP 


TENA Propagation delay after the rising 
edge of SCLK. 


C L = 50pF 






75 


7 


TENA 


Tteh 


TENA Hold Time after the rising edge of 
SCLK. 


C L = 50pF 


5 






8 


TX 


Ttdp 


TX data propagation delay after the 
rising edge of SCLK. (see note 1) 


C L = 50pF 






75 


8A 


TX 


Ttdtt 


TX Transition - Transition 
(see note 2) 


C L = 50pF 


Bf7 




Bt-7 


9 


TX 


Ttdh 


TX data Hold Time after the rising edge 
of SCLK. (see note 1) 


C L = 50pF 


5 






10 


RCLK 


Trct 


RCLK Period 




85 




118 


11 


RCLK 


Trch 


RCLK High Time 




38 






12 


RCLK 


Trcl 


RCLK Low Time 




38 






13 


RCLK 


Tror 


Rise Time of RCLK 









8 


14 


RCLK 


Trcf 


Fall time of RCLK 









8 


15 


RX 


Trdr 


RX Data Rise Time 









8 


16 


RX 


Trdf 


RX Data Fall Time 









8 


17 


RX 


Trdh 


RX Data Hold Time (RCLK to RX data 
change) 




5 






18 


RX 


Trds 
(see note 3) 


RX Data Setup Time (RX data stable to 
the rising edge of RCLK) 




See 
note 3 






19 


RENA.. 


Tdpl 


RENA Low Time 




120 






20 


RENA 


Trenh 


RENA Hold Time after rising edge of 
RCLK. 




40 






21 


CLSN 


Tcph 


CLSN High Time 




80 






22 


A/DAL 


Tdoff 


Bus master driver disable after rising 









50 


edge of HOLD 


23 


A/DAL 


Tdon 


Bus master driver enable after falling 









150 


edge of HLDA 


24 


HLDA 


Thha 


Delay to falling edge of HLDA from 
falling edge of HOLD (bus master) 
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AC TIMING SPECIFICATIONS (continued) 


N° 


Signal 


Symbol 


Parameter 


Test Conditions 


Min. 

(ns) 


Typ. 

(ns) 


Max. 

(ns) 


25 


RESET 


Trw 


RESET Pulse Width Low 




200 






26 


A/DAL 


TcYCLE 


Read/Write, Address/Data Cycle time 




600 






27 


A 


Txas 


Address setup time to the falling edge of 
ALE. 




75 






28 


A 


TxAH 


Address hold time after the rising edge 
of DAS. 




15 






29 


DAL 


Tas 


Address setupt time to the falling edge 
of ALE. 




75 






30 


DAL 


Tah 


Address hold time after the falling edge 
of ALE. 




35 






31 


DAL 


Trdas 


Data setup time to the rising edge of 
DAS (bus master read). 




50 






32 


DAL 


Trdah 


Data hold time after the rising edge of 
DAS (bus master read). 











33 


DAL 


Tddas 


Data setup time to the falling edge of 
DAS (bus master write). 











34 


DAL 


Twds 


Data setup time to the rising edge of 
DAS (bus master write). 




200 






35 


DAL 


"•"WDH 


Data hold time after the rising edge of 
DAS (bus master write). 




35 






36 


DAL 


T"sdoi 


Data driver delay after the falling edge 
of DAS ( bus slave read). 


(CSR 0, 3, RAP) 




400 




37 


DAL 


TSD02 


Data driver delay after the falling edge 
of DAS (bus slave read). 


(CSR1.2) 




1200 




38 


DAL 


TsRDH 


Data hold time after the rising edge of 
DAS (bus slave read). 









35 


39 


DAL 


TSWDH 


Data hold time after the rising edge of 
DAS (bus slave write). 











40 


DAL 


Tswds 


Data setup time to the falling edge of 
DAS (bus slave write). 











41 


ALE 


Talew 


ALE Width High 




120 




150 


42 


ALE 


Tdale 


Delay from rising edge of DAS to the 
rising edge of ALE. 




70 






43 


DAS 


Tdsw 


DAS Width Low 




200 






44 


DAS 


Tadas 


Delay from the falling edge of ALE to 
the falling edge of DAS. 




80 




130 


45 


DAS 


Tridf 


Delay from the rising edge of DALO to 
the falling edge of DAS (bus master 
read). 




15 






46 


DAS 


Trdys 


Delay from the falling edge of READY to 
the rising edge DAS. 


Taryd = 300ns 


75 




250 ' 


47 


DAD 


T R0 |F 


Delay from the rising edge of DALO to 
the falling edge of DALI (bus master 
read). 




15 
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AC TIMING SPECIFICATIONS (continued) 


N° 


Signal 


Symbol 


Parameter 


Test Conditions 


Min. 

(ns) 


Typ. 

(ns) 


Max. 

(ns) 


48 


daO 


Tris 


DALI setup time to the rising edge of 
DAS (bus master read). 




135 






49 


dalj 


Trih 


DALI hold time to the rising edge of 
DAS (bus master read). 











50 


DALI 


Triof 


Delay from the rising edge of DALI to 
the falling edge of DALO (bus master 
read). 




55 






51 


DALO 


Tos 


DALO setup time to the falling edge of 
ALE (bus master read). 




110 






52 


DALO 


Troh 


DALO hold time after the falling edge of 
ALE (bus master read). 




35 






53 


DALO 


Twdsi 


Delay from the rising edge of DAS to 
the rising edge of DALO (bus master 
write). 




35 






54 


CS 


Tcsh 


CS hold time after the rising edge of 
DAS (bus slave). 











55 


CS 


Tcss 


CS setup time to the falling edge of 
DAS (bus slave). 











56 


ADR 


TsAH 


ADR hold time after the rising edge of 
DAS (bus slave). 











57 


ADR 


Tsas 


ADR setup time to the falling edge of 
DAS (bus slave). 











58 


READY 


T ARYD 


Delay from the falling edge of ALE to 
the falling edge of READY to insure a 
minimum bus cycle time (600ns). 








80 


59 


READY 


TsRDS 


Data setup time to the falling edge of 
READY (bus slave read). 




75 






60 


READY 


Trdyh 


READY hold time after the rising edge 
of DAS (bus master). 











61 


READY 


Tsroi 


READY driver turn on after the falling 
edge of DAS (bus slave). 


(CSR 0, 3, RAP) 




600 




62 


READY 


TSR02 


READY driver turn on after the falling 
edge of DAS (bus slave). 


(CSR 1 , 2) 




1400 




63 


READY 


TsRYH 


READY hold time after the rising edge 
of DAS (bus slave). 









35 


64 


READ 


TSRH 


READ hold time after the rising edge of 
DAS (bus slave). 











65 


READ 


Tsrs 


READ setup time to the falling edge of 
DAS (bus slave). 












Notes : 



LThis 

2. B t = 

3. Trds 



timing is for the NRZ mode only. 

Bit time. This measurement is during preamble ; valid for Manchester Mode only. 
Trct - 25ns. Therefore, Trct = 1 00ns when Trds (min) = 75ns. 
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Figure 4 : Output Load Diagram. 


















TEST 

POINT 




o 










;► R, = 1.2K 












CR, -CR 4 IN914 OR EQUIVALENT 


FROM OUTPUT 








1^1 


C L = lOOpf min a 1 MHz 


UNDER TEST ° 










f^slcR, 






_ C l 


0.4mA 

T 




/ CR 2 
/CR 3 














Z cr « 




-^- 











Note : This load is used on DALOO through DAL15, READ, DALI, DALO, DAS, BMO, BM1 ALE/AS, A16 through A23, TENA, and TX. 

Figure 5 : Open Drain Output Load Diagram. 
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Figure 6 : Physical Link Signaling Timing Diagram - PLS-VMAC Interface Signals. 
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Figure 7 : MK5032 Bus Master Timing Diagram. 
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Figure 8 : MK5032 Bus Slave Timing Diagram. 



PS 



h 



IWMJl 



READ 
(REAOi 



/ 



DALO 
(READ) 



READ 

(WRITEl 



^65 



DALO 
(WRITE 



■•■Ml 



: p — V. 



P 



j 



14/14 



38 



rzr; sgs-thomson 



zn 



SGS-THOMSON 

RfflDO^ilLIiOTr^OIMO©! technical manual 



MK5032 - VARIABLE BIT RATE 
LOCAL AREA NETWORK CONTROLLER FOR ETHERNET 

TABLE OF CONTENTS 

SECTION PAGE 

Chapter 1 
General Description 

1. INTRODUCTION 4 

1.1. Overview 4 

1.2. Functional Capabilities 5 

1.3. Functional Description 8 

1.3.1. Serial Data Handling 8 

1 .3.2. Collision Detection and Implementation 8 

1.3.3. Buffer Management 8 

1 .3.4. Microprocessor Interface 9 

1.3.5. Pin Description 10 

1.3.6. Vlance Interface Description Bus Master Mode 13 

1.3.6.1. Read Sequence 13 

1.3.6.2. Write Sequence 13 

1.3.7. Vlance Interface Description Bus Slave Mode 13 

1.3.7.1. Read Sequence 13 

1.3.7.2. Write Sequence 13 

1.3.7.3. Reference Documents 17 

Chapter 2 
Programming Specifications 

2. INTRODUCTION 18 

2.1. Programming Specifications .....18 

2.2. Programming the VLANCE 18 

2.3. Control and Status Registers 18 

2.3.1. Accessing the Control and Status Registers 18 

2.3.1.1. Register Data Port (RDP) 18 

2.3.1.2. Register Address Port (RAP) 19 

2.3.2. Control and Status Register Definition 19 

2.3.2.1. Control and Status Register 0(CSR0) 19 

2.3.2.2. Control and Status Register 1 (CSR1) 21 

2.3.2.3. Control and Status Register 2 (CSR2) 21 

2.3.2.4. Control and Status Register 3 (CSR3) 21 

2.4. Initialization 22 

2.4.1. Initialization Block 22 

2.4.1.1. Mode 23 

2.4.1.2. Physical Address 24 

2.4.1.3. Logical Address Filter 24 

2.4.1 .4. Receive Descriptor Ring Pointer 26 

2.4.1 .5. Transmit Descriptor Ring Pointer 26 

July 1989 . 1/46 

39 



TECHNICAL MANUAL 



TABLE OF CONTENTS (continued) 

2.5. Buffer Management 26 

2.5.1. Descriptor Rings 27 

2.5.1 .1 . Receive Message Descriptor Entry 27 

2.5.1.1.1. Receive Message Descriptor (RM DO) 27 

2.5.1.1.2. Receive Message Descriptor 1 (RMD1) 27 

2.5.1 .1 .3. Receive Message Descriptor 2 (RMD2) 28 

2.5.1.1.4. Receive Message Descriptor 3 (RMD3) 28 

2.5.1 .2. Transmit Message Descriptor Entry. 28 

2.5.1 .2.1 . Transmit Message Descriptor (TMDO) 28 

2.5.1.2.2. Transmit Message Descriptor 1 (TMD1) 29 

2.5.1 .2.3. Transmit Message Descriptor 2 (TMD2) 29 

2.5.1 .2.4. Transmit Message Descriptor 3 (TMD3) 29 

Chapter 3 
Functional Specifications 

3. INTRODUCTION 32 

3.1. Functional Description 32 

3.2. Logic 32 

3.2.1. Clock 32 

3.2.2. Microsequencer.. 32 

3.2.3. Control Data Path 32 

3.2.4. Message Byte Count 32 

3.2.5. Ring End Finders 32 

3.3. Bus Control... 32 

3.3.1. Bus Address Register 32 

3.3.2. Memory Data Register 32 

3.3.3. Bus Master Control 32 

3.3.4. Memory Timeout 33 

3.3.5. Bus Slave Control 33 

3.3.6. Discrete User Apparent Registers... 33 

3.4. Transceiver Data Path 33 

3.4.1. Serial Data Output..... , 33 

3.4.2. Serial Data Input 33 

3.4.3. SILO..... 33 

3.4.4. SILO - Memory Byte Alignment 34 

3.4.5. Cyclic Redundancy Check 34 

3.5. Transmission 34 

3.5.1. Interpacket Delay 35 

3.5.2. Collision Detection and Collision Jam 35 

3.5.3. Collision Backoff : 35 

3.5.4. Collision - Microcode interaction 35 

3.5.5. Time Domain Reflectometry 35 

3.5.6. Heartbeat 35 

3.6. Reception 36 

3.6.1. Station Address Detection 36 

3.6.1.1. Physical Address Register 36 

3.6.1 .2. Logical Address Filter Register 36 

3.6.1.3. Promiscuous Mode 36 

3.6.1 .4. Broadcast Address Detection 36 



2/46 



40 



BTi 



SGS-THOMSON 



TECHNICAL MANUAL 



TABLE OF CONTENTS (continued) 
3.6.2. Runt Packet Filtration 36 

3.7. Loopback 36 

3.8. Microprogram Overview 37 

3.8.1. Switch Routine 37 

3.8.2. Initialization Routine 37 

3.8.3. Polling Routine 37 

3.8.4. Receive Polling Routine 37 

3.8.5. Receive Routine 37 

3.8.6. Receive DMA Routine .38 

3.8.7. Transmit Polling Routine 38 

3.8.8. Transmit Routine 38 

3.8.9. Transmit DMA Routine 39 

3.8.10. Collision Trap Routine 39 

3.8.11. CSR Trap Routine 39 

3.8.12. Memory Timeout Trap Routine 39 

3.8.13. Retry Trap Routine 39 

3.8.14. Data Chain 39 

Chapter 4 
Electrical Specifications 

4. ELECTRICAL SPECIFICATIONS 40 

LIST OF ILLUSTRATIONS 

PAGE 

Figure 1 : VLANCE Block Diagram 4 

Figure 2 : Ethernet and VLANCE Packet Format 5 

Figure 3 : Ethernet and VLANCE Packet Bit Transmission Sequence 5 

Figure 4 : Ethernet Local Area Network System Block Diagram 6 

Figure 5 : Vlance Conceptual View 7 

Figure 6 : VLANCE Memory Management 9 

Figure 7 : VLANCE Pin Assignment ...10 

Figure 8 : Multiplexed Bus Interface 14 

Figure 9 : Demultiplexed Bus Interface 14 

Figure 10 : Bus Master Timing 15 

Figure 11 : Bus Slave Read Timing for CSRO, RAP, and CSR3 16 

Figure 12 : Bus Slave Write Timing for CSRO, RAP, and CSR3.. 16 

Figure 13 : Mapping of Logical Address to Filter Mask 25 

Figure 14 : Output Load Diagram 43 

Figure 15 : Serial Link Timing Diagram 44 

Figure 16 : Bus Master Timing Diagram.... 45 

Figure 17 : VLANCE Bus Slave Timing Diagram... 46 



r=T SGS-THOMSON ^ 

41 



TECHNICAL MANUAL 



CHAPTER 1 
GENERAL DESCRIPTION 



1. INTRODUCTION 

1.1. OVERVIEW 

The MK5032 VLANCE variable Bit Rate (Local Area 
Network Controller for Ethernet) is a 48 pin VLSI de- 
vice designed to simplify greatly the interfacing of a 
microcomputer or a minicomputer to an Ethernet 
Local Area Network. This chip is intended to operate 

Figure 1 : VLANCE Block Diagram. 



in a local environment that includes a closely coupled 
memory and microprocessor. The VLANCE uses 
scaled N-channel MOS technology and is compatible 
with several microprocessors. A block diagram of the 
chip is shown in figure 1 . 
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1.2. FUNCTIONAL CAPABILITIES 

The Variable bit rate Local Area Network Controller 
For Ethernet (VLANCE) interfaces to a micropro- 
cessor bus characterized by time multiplexed ad- 
dress and data lines. Typically, data transfers are 
16 bits wide, but byte transfers occur if the buffer 
memory address boundaries are odd. The address 
bus is 24 bits wide. 

The Ethernet packet format consists of a 64-bit pre- 
amble, a 48-bit destination address, a 48-bit source 

Figure 2 : Ethernet and VLANCE Packet Format. 



address, a 16-bit type field, and a 46 to 1500 byte 
data field terminated with a 32-bit CRC as shown in 
figure 2 and figure 3. The variable widths of the pac- 
kets accommodate both short status, command and 
terminal traffic packets, and long data packets to 
printers and disks (1024 bytes disk sectors for 
example). Packets are spaced a minimum of 
9.6 jisec apart to allow one node time enough to re- 
ceive backtoback packets. 
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The VLANCE is intended to operate in a minimal 
configuration that requires close coupling between 
local memory and a processor. Figure 5 shows the 
relationship between the chip and local memory. 
The local memory provides packet buffering for the 
chip and serves as a communication link between 
the chip and the processor. During initialization, the 
control processor loads into VLANCE the starting 



address of the initialization block plus the operating 
mode of the chip via two control registers, it is only 
during this initial phase that the host processor talks 
directly to VLANCE. All further communications are 
handled via a DMA machine under microword con- 
trol contained within the VLANCE. Figure 4 is a block 
diagram of the VLANCE and SIA device used to cre- 
ate an Ethernet interface for a computer system. 



Figure 4 


Ethernet Local Area Network System Block Diagram. 
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Figure 5 : VLANCE Conceptual View. 
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1.3. FUNCTIONAL DESCRIPTION 

1 .3.1 . SERIAL DATA HANDLING. The basic oper- 
ation of the chip set to provide the Ethernet interface 
is as follows. In the transmit mode (since there is 
only one transmission path, Ethernet is a half duplex 
system), the VLANCE reads data from a transmit 
buffer by using Direct Memory Access (DMA) and 
appends the preamble, sync pattern (two ones after 
alternating ones and zeros in the preamble), and 
calculates and appens the complement of the 32-bit 
CRC. The first eight words of the transmit buffer 
must contain the destination address, source ad- 
dress, and type field as detailed in the Ethernet spe- 
cification. In the receive mode, the destination 
address, source address, type, data, and CRC fields 
are transferred to memory via DMA cycles. The 
CRC is calculated as the data and transmitted CRC 
are received. At the end of the packet, if this calcu- 
lated CRC does not agree with a constant, an error 
bit is set and in RMD1 of the receiver descriptor 
rings. In the receive mode, packets will be accepted 
by the VLANCE under four modes of operation. The 
first mode is a full comparison of the 48-bit destina- 
tion address in the packet with the node address 
that was programmed into the VLANCE during an 
initialization cycle. There are two types of logical ad- 
dress. One is a group type mask where the 48-bit 
address in the packet is put through a hash filter in 
order to map the 48-bit physical addresses into 1 of 
64 logical groups. This mode can be useful if send- 
ing packets to all of one type of a device simulta- 
neously or the network (i.e. sending a packet to all 
file servers or all printer servers). The second logi- 
cal address is the broadcast address where all 
nodes on the network receive the packet. The last 
receive mode of operation is the so called "promi- 
scuous mode" in which a node will accept all pac- 
kets on the network cable regardless of their 
destination address. 

1.3.2. COLLISION DETECTION AND IMPLEMEN- 
TATION. The Ethernet CSMA/CD network access 
algorithm is implemented completely within the 
VLANCE. In addition to listening for a clear network 
cable before transmitting, Ethernet handles colli- 
sions in a predetermined way. Should two transmit- 
ters attempt to seize the network cable at the same 
time, they will collide, and the data on the network 
cable will be garbled. VLANCE is constantly moni- 
toring the CLSN (collision) pin. This signal is gener- 
ated by the transceiver when the signal level on the 
network cable indicates the presence of signals from 



two or more transmitters. If VLANCE is transmitting 
when CLSN is asserted, it will continue to transmit 
the preamble, (normally collisions will occur while 
the preamble is being transmitted) then will "jam" the 
network for 32 bit times (3.2 microseconds). This 
jamming ensures that all nodes have enough time 
to detect the collision. The transmitting nodes then 
delay a random amount of time according to the 
"truncated binary backoff" algorithm defined in the 
Ethernet specification to minimize the probability of 
the colliding nodes having multiple collisions with 
each other. After 16 abortive attemps to transmit a 
packet, VLANCE will report a RTRY error due to ex- 
cessive collisions and step over the transmit buffer. 
During reception, the detection of a collision causes 
that reception to be aborted. Depending on when 
the collision occured, VLANCE will treat this packet 
as an error packet if the packet has an address mis- 
match, as a runt packet (a packet that has less than 
64 bytes), or as a legal length packet with a CRC 
error. Extensive error reporting is provided by the 
VLANCE through a microprocessor interrupt and 
error bits in a status register. The following are the 
significant error conditions : CRC error on received 
data ; transmitter on longer than 1 51 8 bytes ; missed 
packet error (meaning a packet on the network 
cable was missed because there were no empty 
buffers in memory), and memory error, in which the 
memory did not respond (handshake) to a memory 
cycle request. 

1 .3.3. BUFFER MANAGEMENT. A key feature of the 
VLANCE and its on board DMA channel is the flexi- 
bility and speed of communication between the 
VLANCE and the host microprocessor through com- 
mon memory locations. The basic organization of the 
buffer management is a circular queue of tasks in 
memory called descriptor rings, as shown in figure 6. 
There are separate descriptor rings to describe trans- 
mit and receive operations. Up to 128 tasks may be 
queued up on a descriptor ring awaiting execution by 
the VLANCE. Each entry in a descriptor ring holds a 
pointer to a data memory buffer and an entry for the 
length of the data buffer. Data buffers can be chained 
or cascaded in order to handle a long packet in 
multiple data buffer areas. The VLANCE searches the 
descriptor rings in a "look ahead manner" to determine 
the next empty buffer in order to chain buffers together 
or to handle back to back packets. As each buffer is 
filled, an "own" bit is reset, signaling the host proces- 
sor to empty this buffer. The minimum buffer size is 
64 bytes for receive buffers and 1 00 bytes for trans- 
mit buffers. 



8/46. 



46 



qj 



SGS-THOMSON 



TECHNICAL MANUAL 



1 .3.4. MICROPROCESSOR INTERFACE. The par- 
allel interface of the VLANCE has been designed to 
be "friendly" or easy to interface to a variety of popu- 
lar 1 6-bit microprocessors. These microprocessors 
include the following : 80186, 68000, Z8000, 8086, 
LSI-1 1 , T-1 1 . The VLANCE has a wide 24-bit linear 
address space when it is in the Bus Master Mode, 
allowing it to DMA directly into the entire address 
space of the above microprocessors. No segmen- 
tation or paging methods are used within the 
VLANCE, and as such the addressing is closest to 
that used by the 68000 but is compatible with the 



others. When the VLANCE is a bus master, a pro- 
grammable mode of operation allows byte address- 
ing either by employing a Byte/Word control signal, 
much like that used on the 8086 or the Z8000, or by 
using an Upper Data Strobe/Lower Data strobe 
much like that used on the 68000 and LSI-1 1 micro- 
processors. A programmable polarity on the Ad- 
dress Strobe signal eliminates the need for external 
logic. The VLANCE interfaces with both multiplexed 
and demultiplexed data buses and features control 
signals for address/data bus transceivers. 



Figure 6 


: VLANCE Memory Management. 
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Figure 7 : VLANCE Pin Assignment. 
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Interrupts to the microprocessor are generated by 
the VLANCE upon completion of its initialization rou- 
tine, the reception of a packet, the transmission of 
a packet, transmitter timeout error, a missed packet, 
or a memory error. 

The cause of the interrupt is ascertained by reading 
the control status register (CSRO). Bit (06) of CSR0, 
INEA, enables or disables interrupts to the micro- 
processor. In a polling mode, BIT (07) of CSRO is 
sampled to determine when an interrupt causing 
condition occured. 

1.3.5. PIN DESCRIPTION. 
DAL00-DAL15 

(Data/Address Bus). 

Input/Output Tri-State. Pins 2-9 and 40-47. The time 
multiplexed Addres/Data bus. During the address 
portion of a memory transfer, DAL <15 : 00> con- 
tains the lower 1 6 bits of the memory address. The 
upper 8 bits of address are contained in A <23 : 1 6>. 
During the data portion of a memory transfer, 
DAL <15 : 00> contains the read or write data, de- 



pending on the type of transfer. The VLANCE drives 
these lines both as a Bus Master and as a Bus Slave. 

READ 

Input/Output Tri-State. Pin 1 0. Read indicates the 
type of operation the bus controller is performing 
during a bus transaction. When it is a Bus Master, 
VLANCE drives READ. Read is valid during the en- 
tire bus transaction and is tri-stated at all other times. 

VLANCE as Bus Slave : 

High - The chip places data on the DAL lines. 

Low - The chip takes data off the DAL lines. 
VLANCE as Bus Master : 

High - The chip takes data off the DAL lines. 

Low - The chip places data on the DAL lines. 

INTR 

(Interrupt). 

Output Open Drain. Pin 11. INTERRUPT is an at- 
tention interrupt line that indicates that one or more 
of the following CSRO status flags is set : BABL, 
MISS, MERR, RINT, TINT, OR IDON. Interrupt is 
enabled by CSRO <6>, INEA = 1 . 
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DALI 



(Data/ Address Line In). 

Output Tri-State. Pin 12. DAL IN is an ex terna l bus 
transceiver control line. VLANCE drives DALI only 
while it is the Bus Master. When VLANCE reads the 
DA L lines during the data p ortion of a READ trans- 
fer, DALI is asserted. DALI is not asserted during a 
WRITE transfer. 



DALO 



(Data/Address Line Out). 

Output Tri-State. Pin 13. DAL OUT is an e xternal 
bus transceiver control line. VLANCE drives DALO 
only when it is a Bus Master. When VLANCE drives 
the DAL lines during the address portion of a READ 
transfe r or for the duration of a WRITE transfer, 
DALO is asserted. 

DAS 

(Data/Strobe). 

Input/Output Tri-State. Pin 14. Data Strobe defines 
the data portion of the bus transaction. By definition, 
d ata is stable and valid at the low to high transition 
of DAS. When it is the Bus Master, VLANCE drives 
this signal. At all other times, the signal is tri-stated. 

BMO, BM1 or BYTE, BUSAKO 

(Byte Mask). 

Output Tri-State. Pins 15 and 16 are programmable 
through CSR3. 

CSR3 <00> BCON = 

PIN 15 = BMO (Output Tri-State) 
PIN 16 = BM1 (Output Tri-State) 

Byte Mask <1 : 0> Indicates the byte(s) on the DAL to 
be read or written during this bus transaction. 
VLANCE drives these lines only as a Bus Master. 
VLANCE ignores the BM lines when it is a Bus Slave 
an d ass umes word transfers. Byte selection follows : 

BM1 BMO 

LOW LOW Whole Word 

LOW HIGH Byte <DAL 1 5 : 08> 

HIGH LOW Byte <DAL 07 : 00> 

HIGH HIGH None 

CSR3 <00> BCON = 1 

PIN 15 = BYTE (Output Tri-State) 

PIN 16 = BUSAKO (Output) 

Byte selection occurs by using the BYTE line and 
DAL <00> latched during the address portion of the 
bus transaction. VLANCE drives BYTE only as a 



Bus Master and ignores it when operating as a Bus 
Slave. Byte selection occurs as follows : 
BYTE DAL <00> (During Address Portion) 
LOW LOW WHOLE WORD 

LOW HIGH ILLEGAL CONDITION 

HIGH LOW LOWER BYTE 

HIGH HIGH UPPER BYTE 



BUSAKO is a bus request daisy chain output. If 
VLANCE is not re questing the bus and it receives 
HLDA, BUSAKO is driven low. I f VLANCE is re- 
questing the bus when it receives HLDA, BUSAKO 
remains high. 

HOLD/BUSRQ 

(Bus Hold Request). 

Input/Output Open Drain. Pin 17. This pin is pro- 
grammable through CSR3. 

CSR3 <00> BCON = 
PIN 17 = HOLD 



VLANCE asserts the HOLD reque st when it requires 
a DMA cycle regardless of the HOLD pin state. 
HOLD is held LOW for the entire bus transaction. 

CSR3 <00> BCON = 1 
PIN 17 = BUSRQ 



VLANCE asserts BUSRQ w hen it re quires a DMA 
cycle if t he prior state of the BUSRQ pin was high. 
BUSRQ is held low for the entire bus transaction. 

ALE/AS 

(Address Latch Enable). 

Output Tri-State. Pin 18. The active level of Address 
Strobe is programmable through CSR3. The ad- 
dress portion of a bus transfer occurs while this sig- 
nal is at its asserted level. VLANCE drives this signal 
while it is the Bus Master. At all other times, the sig- 
nal is tri-stated. 

CSR3<01>ACON = 
PIN 18 = ALE 

Address Latch Enable is used to demultiplex the 
DAL lines and define the address portion of the 
transfer. As ALE, the signal transitions from high to 
low during the address portion of the transfer and 
remains low during the data portion. A slave device 
can use ALE to control a latch on the bus address 
lines. When ALE is high, the latch should be open 
and when ALE goes low, the latch should be closed. 

CSR3<01>ACON = 1 
PIN 31 =AS 
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As AS, the signal pulses low during the address por- 
tion of the bus transfer. The low to high transition of 
AS can be used by a slave device to strobe the ad- 
dress into a register. 

HLDA 

(Hold Acknowledge). 

Input. Pin 1 9. Hold Acknowledge is the response to 
HOLD. Whe n HLDA is low in response to VLANCE's 
assert ion of HOLD, the VLANCE is the Bus Master. 
HLDA should be deasserted after VLANCE re- 
leases HOLD. 

CS 

(Chip Select). 

Input. Pin 20. When low, CS indicates VLANCE is 
the slave device for the data transfer. CS must be 
valid throughout the data portion of the transaction. 

ADR 

(Register Address Port Select). 

Input. Pin 21 . Address selects the Register Address 
Port of the Register Data Port. It must be valid 
throughout the data portion of the transfer and the 
chip only uses it when CS is low. 

ADR PORT 

LOW Register Data Port 

HIGH Register Address Port 

READY 

Input/Output Open Dra in. Pin 22. When VLANCE is 
a Bus Master, READY is an asynchronous acknow- 
ledgement from the bus memory that memory will 
accept data in a WRITE cycle or that memory has 
put data on the DAL lines i n a REA D cycle. As a Bus 
Slave, VLANCE asserts READY when it has put 
data on the DAL lines during a READ cycle or is 
about to take d ata off the DAL li nes d uring a WRITE 
cycl e. REA DY is a response t o DA S and is negated 
after DAS is negated . CS and DAS must rem ain as- 
serted until READY is asserted or READY will not 
be asserted. 



RESET 

(Bus Reset Signal.). 

Input. Pin 23. Causes VLANCE to cease operation, 
clear its internal logic and enter an idle state with the 
STOP bit of CSRO set. 



TCLK 

(Transmit Clock). 

Input. Pin 25. A crystal-controlled 1 0MHz clock. This 
clock is the primary VLANCE clock as well as the 
Transmit clock. (A0.01% clock as specified in the 
Ethernet Specification. 

TENA 

(Transmit Enable). 

Output. Pin 26. A high level signal asserted with the 
transmit output serial bit stream, TX, to enable the 
external transmit logic. 

RCLK 

(Receive Clock). 

Input. Pin 27. The 1 0MHz clock that is synchronous 
with the received data and is used for transferring 
the received data into the VLANCE. 

CLSN 

(Collision). 

Input. Pin 28. A logical input that indicates, when 
high, that a collision is occuring on the channel. 

TX 

(Transmit). 

Output. Pin 29. Transmit Output Bit Stream. 

RENA 

(Receive Enable). 

Input. Pin 30. A logical input that indicate, when high, 
the presence of data on the channel. 

RX 

(Receive). 

Input. Pin 31 . The input for the serial receive data. 
The data is synchronous with the receive clock. 

A16-A23 

(High-Order Address Bus). 

Output, Three State pins 32 thru 39. Address bits 
<23 : 1 6> used in conjunction with DAL <1 5 : 00> to 
produce a 24-bit address. VLANCE drives these 
lines only as a Bus Master. 
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Vcc 

Power supply pin 48. + 5VDC ± 5%. 

Vss 

Ground pins 1 and 24. VDC 

1.3.6. VLANCE INTERFACE DESCRIPTION BUS 
MASTER MODE. All data transfers from the 
VLAN CE i n the Bu s Master mode are timed by ALE, 
DAS, and READY. The automat ic adjustment of the 
VLANCE cycle by the READY signal allows syn- 
chronization with variable cycle time memory due 
either to memory refresh or to dual port access. Bus 
cycles are a minimum of 600nsec in length and can 
be increased in 100nsec increments. Figure 8 and 
figure 9 show generalized interfaces to both multi- 
plexed and demultiplexed bus microprocessors, 
and figure 1 0, the Bus Master Timing modes. 

1 .3.6.1 . Read Sequence. At the beginning of a read 
cycle, valid addresses are placed on DAL <15 : 00> 
and A <23 : 1 6>. The BYTE Mask signals (BMO and 
BM1 ) become valid at the beginning of this cycle as 
does READ, indicating the type of cycle. The trail- 
ing edge of ALE or AS is used to strobe in the ad- 
dresses A <15 : 00> into the external latches. 
Approximately a hundred nanoseconds later, 
DAL <1 5 : 00> go into a tri-state mode. There is a 
fifty nanosec ond d elay to allow for transceiver turn- 
around, then DAS falls low to signal the beginning 
of the data portion of the cycle. At this point in the 
cycle, t he VLAN CE waits for the me mory dev i ce to 
assert READY. Upon assertion of READY, DAS 
makes a transiti on fro m a zero to a one, latching 
memory data. (DAS) is low for a minimum of 
200nsec). 

The bus transceiver controls, DALI and PALO, are 
used to control the bus transceivers. The DALI sig- 
nal is used to strobe data toward the VLANCE and 
the DALO signal is used to strobe data or add resses 
away from the VLANCE. During a read cycle, DALO 



goes inactive before DALI goes active to avoid the 
"spiking" of the bus transceivers. 

1.3.6.2. Write Sequence. The write cycle begins 
exactly like a read cycle with the READ line remain- 
ing inactive. After ALE or AS pulse, the 
DAL <15 : 00> change from addresses to data. 
DAS goes active when the DAL <1 5 : 00> lines are 
stable. This data will remain valid on the bus until 
the m emory device asserts READY. At this point, 
DAS goes inactive latching data into the memory 
device. Data i s held for 75 nanoseconds after the 
deassertion of DAS. 

1.3.7. VLANCE INTERFACE DESCRIPTION BUS 
SLAVE MODE. TheVLANCE enters the Bus Slave 
Mode whenever CS becomes active. This mode 
must be entered whenever writing or reading the 
four status control registers (CSRO, CSR1, CSR2 
and CSR3) and the register address pointer (RAP). 
RAP and CSRO may be read or written to at any 
time, but the VLANCE must be stopped for CSR1 , 
CSR2, and CSR3 to be written to or read. 

1.3.7.1. Read Sequence. CS, READ, and DAS are 
asserted at the beginning of a read cycle. ADR also 
must be valid at this time. (If ADR is a "1", the con- 
tents of RAP are placed on the DAL lines. Otherwise 
the contents of the CSR register addressed by RAP 
are placed on the DAL lines.) After the da ta on the 
DA L lines be come valid, VLANCE asserts READY. 
CS, READ, DAS, and ADR must remain stable 
throughout the read cycle. Refer to figure 1 1 . 

1 .3.7.2. Write Sequence. This cycle is similar to the 
read cycle, except that during this cycle, READ is 
not asserted. The DAL buffers are tristated which 
configur es these lines as inputs. The assertion of 
READY by VLANCE indicates to the memory device 
that the data on the DAL lines has been stored by 
VLAN CE in its appropriate CSR register. CS, READ, 
DAS, ADR, and DAL <15 : 00> must remain stable 
throught the write cycle. Refer to figure 12. 
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Figure 8 : Multiplexed Bus interface. 
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Figure 10 : Bus Master Timing. 
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Figure 11 : Bus Slave Read Timing for CSRO, RAP, and CSR3. 
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Figure 12 : Bus Slave Write Timing for CSRO, RAP, and CSR3. 
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1.3.7.3. Reference Documents. The following do- 
cuments provide a good overview and background 
for Ethernet. They can be requested from : 

Ethernet 

Xerox Office Systems Division 

Dept. A 

3333 Coyote Hills Rd. 

Palo Alto, CA 94304 

1 . The Ethernet, a Local Area Network, Data Link 
Layer and Physical layer Specifications- Version 2.0, 
November 1982. 



2. John F. Shoch, An Annotated Bibliography on 
Local Computer Networks, October 1979. 

3. The Ethernet Local Network : Three Reports, Fe- 
bruary 1980. 

4. Internet Transport Protocols, Xerox System inte- 
gration Standard, December 1981. 

5. Courier : The Remote Procedure Call Protocol, 
Xerox System Integration Standard, December 
1981. 
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CHAPTER 2 
PROGRAMMING SPECIFICATIONS 



2, INTRODUCTION 

2.1. PROGRAMMING SPECIFICATIONS 

This section defines the Control and Status Regis- 
ters and the memory data structures required to pro- 
gram the VLANCE Ethernet Protocol Controller. 

2.2. PROGRAMMING THE VLANCE 

The VLANCE is designed to operate in an environ- 
ment that includes close coupling with a local mem- 
ory and a microprocessor (HOST). The VLANCE is 
programmed by a combination of registers and data 
structures resident within the VLANCE and in mem- 
ory. There are four Control and Status Registers 
(CSR's) within the VLANCE which are programmed 
by the HOST device. Once enabled, the VLANCE 
has the ability to access external buffer memory lo- 
cations to acquire additional operating parameters. 
VLANCE has the ability to do independent buffer 
management as well as transfer data packets to and 
from and Ethernet. There are three memory struc- 
tures accessed by VLANCE, as follows : 

1 . Initialization Block - 1 2 words in contiguous mem- 
ory starting on a word boundary. The initialization 
block is assembled by the HOST, and is accessed 
by VLANCE. The initialization block contains the 
operating parameters necessary for device oper- 
ation. The initialization block is comprised of : 

1 . Mode of Operation (1 word) 

2. Physical Address (3 words) 

3. Logical Address Mask (4 words) 

4. Location of Receive and Transmit Descriptor 
Rings (2 words) 

5. Number of Entries in Receive and Transmit 
Descriptor Rings (2 words) 

2. Receive and Transmit Descriptor Rings - Two ring 
structures, one each for incoming and outgoing pac- 
kets. Each entry in the rings is 4 words long. Each 
entry must start on a quadword boundary. The De- 
scriptor Rings are comprised of : 

1 . The address of a data buffer. 

2. The length of that buffer. 

3. Status information associated with the buffer. 

3. Data Buffers - Contiguous portions of memory 
reserved for packet buffering. Data buffers may 
begin on arbitrary byte boundaries. 

In general, the programming sequence of VLANCE 
may be summarized as : 

1 . Programming the VLANCE CSR's by a HOST 
device to locate an initialization block memory. 



2. VLANCE loading itself with the information 
contained within the initialization block. 

3. VLANCE accessing the Descriptor Rings for 
packet handling. 

2.3. CONTROL AND STATUS REGISTERS 

There are four Control and Status Registers (CRS's) 
resident within VLANCE. The CSR's are accessed 
through two bus addressable ports, an address port 
(RAP), and a data port (RDP). 

2.3.1 . ACCESSING THE CONTROL AND STATUS 
REGISTERS. The CSR's are read (or written) in a 
two step operation. The address of the CSR is writ- 
ten into the address port (RAP) during a bus slave 
transaction. During a subsequent bus slave trans- 
action, the data being read from (or written into) the 
data port (RDP) is read from (or written into) the CSR 
selected in the RAP. Once written, the address in 
RAP remains unchanged until rewritten. A discrete 
control input pin (ADR) control input pin (ADR) is 
provided to distinguish the address port from the 
data port. 
ADR Pin Port 

L REGISTER DATA PORT (RDP) 

H REGISTER ADDRESS PORT (RAP) 

2.3.1.1. Register Data Port (RDP). 

1111110000000000 
5432109876543210 



I II I I I I I I I I I I I I 
CSR DATA 

M I I I I I I I I I I I M 



CSR DATA 

Bits 15:00 

Writing data to the RDP loads data into the CSR se- 
lected by RAP. Reading the data from RDP reads 
the data from the CSR selected by RAP. CSR1 , 
CSR2 and CSR3 are accessible only when the 
STOP bit of CSRO is set. If an attempt to access 
CSR1 , CSR2, or CSR3 is made without the STOP 
bit being ser, VLANCE does n ot respo nd to the bus 
transfer. VLANCE will assert READY, but no data 
will be transferred either into or out of these regis- 
ters. 
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2.3.1.2. Register Address Port (RAP). 

1111110000000000 
5432109876543210 




RES 

Bits 15:02 

Reserved and read as zeroes. 

CSR 

Bits 01 :00 

CSR address select bits. READ/WRITE. Selects the 
CSR to be accessed through the RDP. RAP is 
cleared by Bus RESET. 
CSR<1:0> CSR 

CSRO 

1 CSR1 

2 CSR2 

3 CSR3 

2.3.2. CONTROL AND STATUS REGISTER DE- 
FINITION 

2.3.2.1. Control And Status Register (CSRO) 

RAP = 

1111110000000000 
5432109876543210 
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ERR 

Bit 15 

(Error Summary) Error Summary is set by the 'OR' 
of BABL, CERR, MISS and MERR. ERR remains 
set as long as any of the error flags are true. ERR 



is read only, writing it has no effect. It is cleared by 
RESET or by setting the stop bit. 

BABL 

Bit 14 

(Babble) BABL is a transmitter timeout error. It indi- 
cates that the transmitter has been on longer than 
the time required to send the maximum length 
packet. BABL will be set if the number of bytes trans- 
mitted exceeds 1518. When BABL is set, an inter- 
rupt will be generated if INEA = 1. BABL is 
READ/CLEAR ONLY and is set by VLANCE and 
cleared by w ritting a "1 " into the bit. Writting a "0" 
has no effect. RESET or setting the STOP bit clears 
it. 

CERR 

Bit 13 

(Collision Error) Collision Error indicates that the col- 
lision input to the chip failed to activate within 2 jisec 
after a chip initiated transmission was completed. 
Collision after transmission is a transceiver test fea- 
ture. CERR is READ/CLEAR ONLY. The chip sets 
it and clears it by writing a "1 " into the bit. Writing a 
"0" has no effect. RESET or setting the STOP bit 
clears it. 

MISS 

Bit 12 

(Missed Packet) Missed Packet is set whenever a 
packet arrives and passes address recognition, but 
is lost because the receiver does not own a receive 
buffer. When MISS is set, an interrupt will be aener- 
ated if INEA = 1 . MISS is READ/CLEAR ONLY and 
is set by VLANCE and cleared by writing a "1" into 
the bit. Writing a "0" has no effect. RESET or setting 
the STOP bit clears it. 

MERR 

Bit 11 

(Memory Error) Memory Error sets when VLANCE 
is the Bus Master and has not received READY with- 
in 25.6 jasec after asserting the address on the DAL 
lines. When a Memory Error is detected, the receiver 
and transmitter are turned off and an interrupt is 
generated if INEA = 1. MERR is READ/CLEAR 
ONLY and is set by the chip and cleared b y writing 
a "1 " into the bit. Writing a "0" has no effect. RESET 
or setting the STOP bit clears it. 
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RINT 

Bit 10 

(Receiver Interrupt) Receiver Interrupt is set after 
VLANCE updates the last entry in the Receive De- 
scriptor Ring for the completed packet. When RINT 
is set, an interrupt is generated if INEA = 1 . RINT is 
READ/CLEAR ONLY and is set by VLANCE and 
cleared by writing a "1 " into the bit. Writing a "0" has 
no effect. RESET or setting the STOP bit clears it. 

TINT 

Bit 09 

(Transmitter Interrupt) Transmitter Interrupt is sert 
after VLANCE updates the last entry in the Trans- 
mit Descriptor Ring for that completed packet. When 
TINT is set, an interrupt is generated if INEA = 1. 
TINT is READ/CLEAR ONLY and is set by VLANCE 
and cleared b y writing a "1 " into the bit. Writing a "0" 
has no effect. RESET or setting the STOP bit clears 
it. 

IDON 

Bit 08 

(Initialization Done) Initialization Done indicates that 
VLANCE has completed the initialization procedure 
started by setting the INIT bit. When IDON is set, 
the chip has read the Initialization Block from mem- 
ory and stored the new parameters. When IDON is 
set, an interrupt is generated if INEA = 1. IDON is 
READ/CLEAR ONLY and is set by VLANCE and 
cleared b y writing a "1 " into the bit. Writing a "0" has 
no effect. RESET or setting the STOP bit clears it. 

INTR 

Bit 07 

(Interrupt Flag) Interrupt Flag indicates that one or 
more of the following interrupt causing conditions 
has occurred : BABL, MISS, MER R, RI NT, TINT, 
IDON. If INEA = 1 and INTR = 1 the INTR output pin 
will be low. INTR is READ ON LY, writin g this bit has 
no effect. INTR is cleared by RESET or by setting 
the STOP bit. 

INEA 

Bit 06 

(Interrupt Enable) Interrupt Enable allows the INTR 
Output pin to be driven low when the Interrupt Flag 
is set. If INEA = 1 and INTR = 1 the INTR pin will be 
low. If INEA = 1 and INTR = 1 the INTR pin will be 
low. If INEA = the INTR pin will be high, regard- 
less of the state of the Interrupt Flag. INEA is 



READ/WRITE set by writing a "1 " into thi s bit and is 
cleared by writing a "0" into this bit or by RESET or 
by setting the STOP bit. 

RXON 

Bit 05 

(Receiver On) Receiver On indicates that the re- 
ceiver in enabled. RXON and IDON are set at the 
same time, if the DRX bit in the Mode Register is a 
"0". RXON is cleared by MERR or STOP being set 
or by RESET. RXON is READ ONLY, writing this bit 
has no effect. RXON is gated by the STRT bit ; thus 
it will always be read as a "0" until STRT is set. 

TXON 

Bit 04 

(Transmitter On) Transmitter On indicates that the 
transmitter is enabled. TXON and IDON are set at 
the same time, if the DTX bit in the Mode Register 
is "0". TXON is cleared by MERR, or STOP being 
set, a TRANSMIT UNDERFLOW, or by RESET. 
TXON is READ ONLY ; writing this bit has no effect. 
TXON is gated by the STRT bit ; thus it will always 
be read as a "0" until STRT is set. 

TDMD 

Bit 03 

(Transmit Demand) When set, Transmit Demand 
causes VLANCE to access the Transmit Descriptor 
Ring without waiting for the polltime interval to 
elapse, (about 1.6ms). TDMD need not be set to 
transmit a packet, it merely hastens VLANCE's re- 
sponse to a Transmit Descriptor Ring entry insertion 
by the host. TDMD is WRITE WITH ONE ONLY and 
microcode clears if after it is used. It may read as a 
"1 " for as short time after it is written because the 
VLANCE microcode may have bee n busy when 
TDMD was set. It is also cleared by RESET or by 
setting the STOP bit. Writing a "0" in this bit has no 
effect. 

STOP 

Bit 02 

(Stop) STOP disables VLANCE from all external ac- 
tivity when set and clears the internal logic. Setting 
STOP is the equivalent of asserting Bus RESET. 
VLANCE remains inactive and STOP remains set 
until the STRT or INIT bit is set. If STRT, INIT and 
STOP are all set together, STOP will override the 
other bits and only STOP will be set. STOP is 
READ/W RITE WITH ONE ONLY and set by 
RESET. Writing a "0" to this has no effect. 
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STRT 

Bit 01 

(Start) Start enables VLANCE to send and receive 
packets, perform direct memory access and do buff- 
er management. If STRT and INIT are set together, 
the INIT function will be executed first. STRT is 
READ/WRITE WITH ONE ONLY. Writin g a "0" in to 
this bit has no effect. STRT is cleared by RESET or 
by setting the STOP bit. 

INIT 

Bit 00 

(Initialize) When set, Initialize causes VLANCE to 
begin the initialization procedure and access the In- 
itialization Block. If STRT and INIT are set together, 
the INIT function is executed first. INIT is 
READ/WRITE WITH "1" ONLY. Writing a "0" in to 
this bit has no effect. INIT is cleared by RESET or 
by setting the STOP bit. 

2.3.2.2 Control and Status Register 1 (CSR1). 

RAP=1 

READ/WRITE : Accessible only when the STOP bit 
of CSR0 is a ONE. Access at any 
other time will not be r esponded to 
by VLANCE. READY will be as- 
serted but no data will be trans- 
ferred^ CSR1 is unaffected by 
RESET. 

1111110000000000 
5432109876543210 



I I II I I I I I I I I II 

IADR <15:01> 

I I I I I I I I I I I I I I 






IADR 

Bits 15:01 

The low order 1 6 bits of the address of the first word 
(lowest address) in the Initialization Block. Bit 00 
must be zero. 

2.3.2.3. Control and Status Register 2 (CSR2). 

RAP = 2 

READ/WRITE : Accessible only when the STOP bit 
of CSR0 is a ONE. Access at any 



other time will not be re sponded to 
by VLANCE. READY will be as- 
serted but no data will be trans- 
ferred^ CSR2 is unaffected by 
RESET. 

1111110000000000 
5432109876543210 



TT 



RES 



I I I I I I 



TT 



IADR < 23:1 6 > 



11 



RES 

Bits 15:08 
Reserved. 
IADR 

Bits 07:00 

The high order 8 bits of the address of the first word 
(lowest address in the Initialization Block). 

2.3.2.4 Control And Status Registers 3 (CSR3). 

CSR3 allows redefintion of the Bus Master interface. 

RAP = 3 

READ/WRITE : Accessible only when the STOP bit 
of CSR0 is a ONE. Access at any 
other time will not be r esponded to 
by VLANCE. READY will be as- 
serted but no data will b e trans- 
ferred. CSR3 is cleared by RESET 
or by setting the STOP bit in CSR0. 

1111110000000000 
5432109876543210 
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RES 

Bits 15:03 
Reserved/read as "0". 
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BSWP 

Bit 02 

(Byte Swap) Byte Swap allows VLANCE to operate 
with memory organizations that have bits <07 : 00> 
at even addresses with bits <15 : 08> at odd ad- 
dresses or vice versa. 

With Byte Swap = : 

Address Address 

XXO 



15 




8 



7 



This memory organization is used with the LSI 1 1 
microprocessor and the 8086 microprocessor. 

With Byte Swap = 1 : 



Address 
XXO 



15 




6 



Address 
XX1 



7 



This memory organization is used with the 
MK68000, MK68200, and Z8000 microprocessors. 
Only data from SILO transfers are swapped. Initial- 
ization Block Data and Ring Descriptor entries are 
not swapped. BSWP is READ/WRITE and cleared 
by RESET or by setting the STOP bit in CSRO. 

ACON 

Bit 01 

(ALE Control) ALE Control defines the assertive 
state of ALE/AS when VLANCE is a Bus Master. 



ACON is READ/WRITE and cleared by RESET or 
by setting the STOP bit in CSRO. 
ACON ALE/AS 

ASSERTED HIGH (ALE) 

1 ASSERTED LOW (AS) 

BCON 

Bit 00 

(Byte Control) Byte Control redefines the Byte Mask 
and Hold I /O Pins . BCON is READ/WRITE and 
cleared by RESET or by setting the STOP bit in 
CSRO. 

BCON I/OPIN16 I/OPINJ5 I/ O PIN 17 

BM1 BM0 HOLD 

1 BUSAKO BYTE BUSRQ 

2.4. INITIALIZATION 

2.4.1. INITIALIZATION BLOCK. VLANCE initializa- 
tion include the reading of the initialization block in 
memory to obtain the operating parameters. The fol- 
lowing is a definition of the Initialization Block. The 
Initialization Block is read by VLANCE when the INIT 
bit in CSRO is set. The INIT bit should be set before 
or concurrent with the STRT bit to ensure proper 
parameter initialization and VLANCE operation. 
After VLANCE has read the Initialization Block, 
IDON is set in CSRO and an interrupt is generated if 
INEA = 1. 



HIGHER ADDRESSES 




IADR <23:00>+16 
IADR < 23:00 > +14 
IADR <23:00>+12 
IADR <23:00> + 10 
IADR <23:00>+E 
IADR <23 00>+C 
IADR <23:00>+A 
IADR <23 00>+8 
IADR < 23. 00 > +06 
IADR < 23:00 > +04 
IADR < 23:00 > +02 
IADR <23:00>+00 


BASE A 
OF B 


ODRESS 
LOCK 


TLEN - TDRA <23:16> 


TDRA <15:00> 


RLEN - RDRA < 23:16 > 


RDRA <15:00> 


LADRF < 63:48 > 


LADRF < 47:32 > 


LADRF <31:16> 


LADRF <15 00> 


PADR <47 32> 


PADR <31:16> 


PADR <15 00> 


MODE 
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2.4.1 .1 . Mode. The Mode Register allows alteration 
of VLANCE's operating parameters. Normal oper- 
ation is with the Mode Register clear. 

IADR <23 : 00> + 00 

1111111111111111 
5432109876543210 
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PROM 

Bit 15 

(Promiscuous Mode) When PROM = 1, all incom- 
ing addresses are accepted. This bit must be set in 
internal loopback if a physical address is not used. 

RAT <2 : 0> 

Bits 1 : 08 

(Divide By Rate Control) These rate bits determine 
the transmit data rate as a Function of System 
Clock. The available divide by modes are 1 , 2, 4, 6, 
8, and 10. 



RAT 2 


RAT 1 
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DIVISIOR 
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MAN 

Bit 01 

(Manchester) For this bit to be active at least one of 
the "RAT" bits must be set to a "1 ". (Divide by two or 
Greater). Setting this bit changes the NRZ transmit 
data stream to a Manchester encoded data stream. 

RES 

Bit 14:11 

(Reserved) 

Bit 06 

(Internal Loopback) Internal Loopback is used with 
the LOOP bit to determine where the loopback is to 
be done. Internal loopback allows VLANCE to re- 
ceive its own transmitted packet. Since this repre- 
sents full duplex operation, the packet size would be 
limited by the SILO size, which 48 bytes. However, 
a SILO full flag is generated after 32 bytes are 
loaded into the SILO. This limits the transmit buffer 



size to 32 bytes in internal or extended loopback. 
With transmit CRC enabled, the VLANCE generates 
the 4-byte CRC code and appends it to the data. 
Thus, the receive buffer is filled with 36 bytes and 
the host CPU checks the CRC result. With transmit 
CRC disabled, the host CPU provides 4 bytes of 
CRC as part of the 32 bytes in the transmit buffer. 
The VLANCE checks the CRC on reception and 
transfers only 28 bytes of "data" to the receive buff- 
er. After each Internal Loopback packet, VLANCE 
should be reinitialized. 

INTL is only valid if LOOP = 1 , otherwise it is ignored. 



LOOP 


1 


INTL 
X 




LOOPBACK 
NO LOOPBACK, 
NORMAL OPERATION 
EXTERNAL 


1 


1 


INTERNAL 



DRTY 

Bit 05 

(Disable Retry) When DRTY = 1 , VLANCE attempts 
only one packet transmission If there is a collision 
on the first transmission attempt, a Retry Error 
(RTRY) is reported in Transmit Message Descriptor 
3 (TMD3). 

COLL 

Bit 04 

(Force Collision) This bit allows the collision logic to 
be tested. VLANCE must be in internal loopback for 
COLL to be valid. If COLL = 1, a collision will be 
forced during the subsequent transmission attempt. 
This will result in 1 or 1 6 total transmission attempts 
with a retry error reported in TMD3. The number of 
attemps depends upon the state of DRTY (Bit 05). 

DTCR 

Bit 03 

(Disable Transmit CRC) When DTCR = 0, the trans- 
mitter generates and appends a CRC to the trans- 
mitted packet. When DTCR = 1, the CRC logic is 
allocated to the receiver and no CRC is generated 
and sent with the transmitted packet. During loop- 
back, DTCR = causes a CRC to be generated on 
the transmitted packet but the receiver will not per- 
form a CRC check since the CRC logic is shared 
and cannot generate and check CRC at the same 
time. The generated CRC is written into memory 
with the data and can be checked by the host soft- 
ware. If DTCE = 1 during loopback the host software 
must append a CRC value to the transmit data. The 
receiver checks the CRC on the received data and 
reports any errors. 
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LOOP 

Bit 02 

(Loopback) Loopback allows VLANCE to operate in 
full duplex mode for test purposes. The maximum 
packet size is limited to 36 bytes as described above 
for the INTL bit. During loopback, the runt packet fil- 
ter is disabled because the maximum packet is 
forced to be smaller than the minimum size Ether- 
net packet (64 bytes). LOOP = 1 allows simulta- 
neous transmission and reception for a message 
constrained to fit within the SILO. The chip waits until 
the entire message is in the SILO before serial trans- 
mission begins. The incoming data stream fills the 
SILO from behind as it is being emptied. Moving the 
received message out of the SILO to memory does 
not begin until reception has ceased. In loopback 
mode, transmit data chaining is not possible. Re- 
ceive data chaining is allowed regardless of the re- 
ceive buffer length. In normal operation, the receive 
buffers must be 64 bytes long, to allow time for buff- 
er lookahead. 

DTX 

Bit 01 

(Disable the Transmitter) Disable the Transmitter 
causes VLANCE not to access the Transmit De- 
scriptor Ring and therefore no transmissions are at- 
tempted. DTX disables TXON from being set when 
initialization is complete. 

DRX 

Bit 00 

(Disable the Receiver) Disable the Receiver causes 
VLANCE to reject all incoming packets and not ac- 
cess the Receive Descriptor Ring. DRX disables 
RXON from being set when initialization is complete. 

2.4.1 .2. Physical Address. 

1111110000000000 
5432109876543210 



IADR < 23:00 > +06 



IADR < 23:00 > +04 



IADR < 23:00 > +02 



I I I I I I I I i I I 
PADR < 47:32 > 



PADR <31:16> 



PADR <15:00> 



I II I I I I i I I I I I I . 



PADR 

Bits 47 : 00 

(Physical Address) Physical Address is the unique 
48-bit physical address assigned to VLANCE. 
PADR <0> must be zero. 

2.4.1 .3. Logical Address Filter. The Logical Address 
Filter is a 64 bit mask composed of four sixteen bit reg- 
isters LADRF <63 : 00> in the initialization block that 
is used to accept incoming Logical Addresses. This is 
an imperfect filter that requires the host processor to 
do the final filtering. The first bit of the incoming ad- 
dress must be a "1 " for either the Logical Address Fil- 
ter or the Broadcast Address decode to be enabled. 
Otherwise the incoming address is a physical address 
and is compared against the contents of 
PADR <47 : 00> that was loaded through the Initial- 
ization Block. 

All incoming data goes through the CRC Generator. 
In the case of a logical address, the six most signi- 
ficant bits of the CRC Generator are strobed into the 
Hash Register after the 48th bit of the logical ad- 
dress has gone through this circuitry. This 6-bit ad- 
dress then selects one of the 64 bits in the Logical 
Address Filter. If the mask bit selected is a "1", the 
address is accepted and the packet will be put into 
the current receive buffer space. The task of map- 
ping a logical address to one of 64 bits positions is 
a tedious one that requires a simple computer pro- 
gram to generate the CRC codes for the addresses 
desired. The Ethernet CRC Polynomial is CRC-32, 
which is : X 32 + X 26 + X 23 + X 22 + X 16 + X 12 + X 11 + 
X 10 + X 8 + X 7 + X 5 + X 4 + X 2 + X+1. Figure 13shows 
one such mapping. (This is one of 2 26 possible map- 
pings). Hash Address 00 will select bit and Hash 
Address 63 will select bit 63. 
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* If MATCH = 1 , the packet is accepted. 
If MATCH = 0, the packet is rejected. 
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The Broadcast address, which is all ones, is 
decoded independent of the Logical Address Filter 
(Broadcast Address will also map to bit 47 of the 
Logical Address Filter). If the Logical Address Filter 
is loaded with all zeroes, all incoming logical ad- 
dresses except Broadcast will be rejected. 

LADRF 

Bits 63 : 00 

The 64bit mask used by VLANCE to accept logical 
addresses. 



IADR < 23:00 >+E 



IADR < 23:00 >C 



IADR <23:00>+A 



IADR <23:00>+8 



1111110000000000 
5432109876543210 



T I I I I II I I I 

LADRF < 63:48 > 



LADRF < 47:32 > 



LADRF <31:16> 



LADRF <15:00> 



I I I I II I I I I 



Figure 13 
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2.4.1.4. Receive Descriptor Ring Pointer. 



TLEN 



1111110000000000 
5432109876543210 



IADR <23:00>+12 



IADR < 23:00 > +10 



Bits 15: 13 



TTTT 



I I I I I I I 

RDRA <23:16> 



RDRA <15:03> 

I I I I I I I I I I I I 



(Receive Ring Length) Receive Ring Length is the 
number of entries in the Receive Ring expressed as 
a power of two. 

RLEN NUMBER OF ENTRIES 

1 

1 2 

2 4 

3 8 

4 16 

5 32 

6 64 

7 128 
RES 

Bits 12: 08 

(Reserved) 

RDRA 

Bits 07 : 00 and 15: 03 

(Receive Descriptor Ring Address) Receive De- 
scriptor Ring Address is the base address (lowest 
address) of the Receive Descriptor Ring. 

RDRA 

Bits 02 : 00 

(Must Be Zeros) These bits are RDRA <02 : 00> and 
must be zeroes because the Receive Rings are 
aligned on quadword boundaries. 

2.4.1 .5. Transmit Descriptor Ring Pointer. 

1111110000000000 
5432109876543210 



IADR < 23:00 > + 16 



IADR < 23:00 > +14 



TTTT 
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I II It I i 
TDRA <23:16> 



TDRA <15:03> 



M I I I I I I I I I I 



Bits 15: 13 






(Transmit Ring Length) Transmit Ring Length is the 


number of entries 


n the Transmit Ring expressed 


as a power of two. 
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Bits 12: 08 






(Reserved) 






TDRA 







Bits 07: 00 and 15:03 

(Transmit Descriptor Ring Address) This address is 
the base address (lowest address) of the Transmit 
Descriptor Ring. 

Bits 02 : 00 

(Must Be Zeros) These bits must be zeroes because 
the Transmit Rings are aligned on quadword boun- 
daries. 

2.5. BUFFER MANAGEMENT 

Buffer Management is accomplished through mess- 
age descriptors organized in ring structures in mem- 
ory. Each message descriptor entry is four words 
long. There are two rings allocated for the 
VLANCE : a Receive ring and a Transmit ring. The 
VLANCE is capable of polling each ring for buffers 
either to empty or fill with packets to or from the 
channel. The VLANCE is also capable of entering 
status information in the descriptor entry. When poll- 
ing, VLANCE is limited to looking one ahead of the 
descriptor entry with which it is currently working. 
The speed of the data stream restricts the receiver 
buffer size to a minimum of 64 bytes to avoid an 
overflow when chaining receive buffers. The loca- 
tion of the descriptor rings and their length are found 
in the initialization block, accessed during the initial- 
ization procedure by VLANCE. Writing a "ONE" into 
the STRT bit of CSR0 will cause VLANCE to start 
accessing the descriptor rings and enable it to send 
and receive packets. The VLANCE communicates 
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with a HOST device (probably a microprocessor) 
through the ring structures in memory. Each entry 
in the ring is either "owned" by VLANCE or the 
HOST. There is an ownerschip bit (OWN) in the 
message descriptor entry. Mutual exclusion is ac- 
complished by a protocol which states that each de- 
vice can only relinquish ownership of the descriptor 
entry to the other device ; it can never take owner- 
ship, and each device cannot change the state of 
any field in an entry after it has relinquished owner- 
ship. When chaining buffers, the minimum transmit 
buffer size is restricted to 100 bytes (to avoid mu- 
tual exclusion violations, which could occur follow- 
ing a collision). Otherwise, VLANCE would access 
a buffer to which it had relinquished ownership (to 
reinitialize a transmission interrupted by a collision). 

2.5.1. DESCRIPTOR RINGS. Each descriptor in a 
ring in memory is a 4 word entry. The following is 
the format of the receive and the transmit descrip- 
tors. 

2.5.1.1. Receive Message Descriptor Entry. 

2.5.1 .1 .1 . Receive Message Descriptor (RMDO) 
MEMORY ADDRESS : XXXXXXXO 

1111110000000003 
5432109876543210 



LADR 



LADR 

Bits 15 :00 

The Low Order 16 address bits of the buffer pointed 
to by this descriptor LADR is written by the Host and 
unchanged by VLANCE. 

2.5.1.1.2. Receive Message Descriptor 1 (RMD1) 

MEMORY ADDRESS : XXXXXXX2 

1111110000000000 
5432109876543210 






E 


F 





C 


B 


S 


E 


I I I I I II 


w 


R 


R 


F 


R 


U 


T 


N 




N 


R 


A 
M 


L 



C 


F 
F 


P 


P 


HADR 

I I I I I I I 



OWN 

Bit 15 

This bit indicates that either the Host owns the de- 
scriptor entry (OWN = 0) or VLANCE owns it 
(OWN = 1 ). The chip clears the OWN bit after filling 
the buffer pointed to by the descriptor entry. The 
Host sets the OWN bit after emptying the buffer. 
Once the VLANCE or Host relinquishes ownership 
of a buffer, it may not change any field in the four 
words that comprise the descriptor entry. 

ERR 

Bit 14 

(Error Summary) Error Summary is the "OR of 
FRAM, OFLO, CRC or BUFF, ERR is set by 
VLANCE whent it releases the buffer and is cleared 
by the Host. 

FRAM 

Bit 13 

(Framing Error) Framing Error indicates that the in- 
coming packet contained both a non-integer 
multiple of eight (8) bits and a CRC error. In internal 
loopback, whenever a CRC error occurs, FRAM will 
always be set. FRAM is set by VLANCE when it re- 
leases the buffer and is cleared by the Host. 

OFLO 

Bit 12 

(Overflow) Overflow error indicates that the receiver 
has lost all or part of the incoming packet due to an 
inability to store the packet in a memory buffer be- 
fore the internal SILO overflowed. OFLO is set by 
VLANCE when it releases the buffer and is cleared 
by the Host. 

CRC 

Bit 11 

CRC indicates that the receiver has detected a CRC 
error on the incoming packet. CRC is set by 
VLANCE when it releases the buffer and is cleared 
by the Host. 

BUFF 

Bit 10 

(Buffer Error) Buffer Error is set either when 
VLANCE has utilized all its allocated buffers or if the 
next status is not acquired in time while data chain- 
ing a received packet. BUFF is set by VLANCE 
when it releases the buffer and is cleared by the 
Host. If a Buffer Error occurs, an Overflow Error also 
occurs because VLANCE tries to acquire the next 
buffer until the SILO overflows. 
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STP 

Bit 09 

(Start of Packet) Start of Packet indicates that this 
is the first buffer used by VLANCE for this packet, it 
is used for data chaining buffers. STP is set by 
VLANCE when it releases the buffer and is cleared 
by the Host. 

ENP 

Bit 08 

(End of Packet) End of Packet indicates that this is 
the last buffer used by VLANCE for this packet. It is 
used for data chaining buffers. If both STP and ENP 
were set, the packet would fit into one buffer and 
there was no data chaining. ENP is set by VLANCE 
when it releases the buffer and is cleared by the 
Host. 

HADR 

Bits 07 : 00 

The High Order 8 address bits of the buffer pointed 
to by this descriptor. This field is written by the Host 
and unchanged by VLANCE. 

2.5.1 .1 .3. Receive Message Descriptor 2 (RMD2) 

MEMORY ADDRESS : XXXXXXX4 

1111110000000000 
5432109876543210 



1 


1 


1 


1 


I I I II I I I I I I 

BCNT 

I I i II I I II I I 



Bits 15: 12 

(Must Be Ones) This field is written by the Host and 
unchanged by VLANCE. 

BCNT 

Bits 1 1 : 00 

(Buffer Byte Count) Buffer Byte Count is the length 
of the buffer pointed to by this descriptor expressed 
as a two's complement number. This field is written 
by the Host unchanged by VLANCE. The minimum 
buffer size is 64 bytes. 



2.5.1 .1 .4. Receive Message Descriptor 3 (RMD3) 
MEMORY ADDRESS : XXXXXXX6 

1111110000000000 
5432109876 5 4 3210 



I I I 

RES 

I i I 


I M I I I I I I I i 
MCNT 

I I I I I I I I I I I 



RES 

Bits 15: 12 

(Reserved) Read as zeroes. 

MCNT 

Bits 1 1 : 00 

(Message Byte Count) Message Byte Count is the 
length in bytes of the received message. MCNT is 
valid only when ERR is clear and ENP is set. MCNT 
is written by VLANCE and is cleared by the Host. In 
data chaining, RMD3 is only written to after the last 
buffer status is updated. Only the status word is up- 
dated for intermediate buffers in the data chain. 

2.5.1 .2. Transmit Message Descriptor Entry. 

2.5.1 .2.1 . Transmit Message Descriptor (TMD0) 
MEMORY ADDRESS : XXXXXXX0 

1111110000000000 
5432109876543210 



TTTTTTTTT I I I I I I 

LADR 

i I I I I I I I I I I I I I I 



LADR 

Bits 15: 00 

The Low Order 1 6 address bits of the buffer pointed 
to by this descriptor. LADR is written by the Host and 
unchanged by VLANCE. 
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2.5.1.2.2. Transmit Message Descriptor 1 (TMD1) 
MEMORY ADDRESS : XXXXXXX2 

1111110000000000 
5432109876543210 
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OWN 

Bit 15 

This bit indicates that either the Host owns the de- 
scriptor entry (OWN = 0) or VLANCE it (OWN = 1 ). 
The host sets the OWN bit after filling the buffer 
pointed to by the descriptor. VLANCE clears the 
OWN bit after transmitting the contents of the buff- 
er. Both the Host and VLANCE must not alter a de- 
scriptor entry after it has relinquished ownership. 

ERR 

Bit 14 

(Error Summary) Error Summary is the "OR" of 
LCOL, LCAR, UFLO or RTRY. ERR is set by 
VLANCE when it releases the buffer and is cleared 
by the Host. 

RES 

Bit 13 

(Reserved) VLANCE will write this bit with a "0". 

MORE 

Bit 12 

MORE indicates that more than one retry was 
needed to transmit a packet. MORE is set by 
VLANCE when it releases the buffer and is cleared 
by the Host. 

ONE 

Bit 11 

ONE indicates that exactly one retry was needed to 
transmit a packet. ONE is set by VLANCE when it 
releases the buffer and is cleared by the Host. ONE 
is not valid if LCOL in TMD3 is set. 



DEF 

Bit 10 

(Deferred) Deferred indicates that VLANCE had to 
defer while trying to transmit a packet. This condi- 
tion occurs when the channel is busy when VLANCE 
is ready to transmit. DEFER is set by VLANCE when 
it releases the buffer and is cleared by the Host. 

STP 

Bit 09 

(Start of Packet) Start of Packet indicates that this 
is the first buffer to be used by VLANCE for this 
packet. It is used for data chaining buffers. STP is 
set by the Host and is unchanged by VLANCE. 

ENP 

Bit 08 

(End of Packet) End of Packet indicates that this is 
the last buffer to be used by VLANCE for this packet. 
It is used for data chaining buffers. If both STP and 
ENP are set, the packet fits into one buffer and there 
is no data chaining. ENP is set by the Host and is 
unchanged by VLANCE. 

HADR 

Bits 07 : 00 

The High Order 8 address bits of the buffer pointed 
to by this descriptor. This field is written by the Host 
and is unchanged by VLANCE. 

2.5.1 .2.3. Transmit Message Descriptor 2 (TMD2) 

MEMORY ADDRESS : XXXXXXX4 

111111OOOOOOO000 
5432109876543210 
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1 


1 


1 


I I I I I I I I I II 

BCOT 

I I I I I I I I I I I 



ONES 

Bits 15: 12 

(Must Be Ones) This field is set by the Host and un- 
changed by VLANCE. 
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BCNT 

Bits 1 1 : 00 

(Buffer Byte Count) Buffer Byte Count is the usable 
length in bytes of the buffer pointed to by this de- 
scriptor expressed as a two's complement negative 
number. This is the number of bytes from this buff- 
er that will be transmitted by VLANCE. This field is 
written by the Host and unchanged by VLANCE. 
The minimum buffer size is 100 bytes when chain- 
ing or 64 bytes when not chaining. 

2.5.1 .2.4. Transmit Message Descriptor 3 (TMD3) 

TMD3 is valid only if the ERR bit of TMD1 has been 
set by VLANCE. 

MEMORY ADDRESS : XXXXXXX6 

1111110000000000 
5432109876543210 
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BUFF 

Bit 15 

(Buffer Error) Buffer Error is set by VLANCE during 
transmission when VLANCE does not fing the ENP 
flag in the current buffer and does not own the next 
buffer. BUFF is set by VLANCE and cleared by the 
host. If a buffer Errors occurs, an Underflow Error 
will also occur because VLANCE tries to read mem- 
ory data until the SILO is empty. Buffer Error is valid 
only if UFLO is set. 

UFLO 

Bit 14 

(Underflow Error) Underflow Error indicates that the 
transmitter has truncated a message due to data 
late from memory. UFLO indicates that owing to a 



lack of data from memory. The SILO has emptied 
before the end of the packet was reached. UFLO is 
set by VLANCE and is cleared by the Host. 

RES 

Bit 13 

Reserved bit. VLANCE writes this bit with a "0". 

LCOL 

Bit 12 

(Late Collision) Late Collision indicates that a colli- 
sion has occured after the slot time of the channel 
has elapsed. VLANCE does not retry on late colli- 
sions. LCOL is set by VLANCE and is cleared by the 
Host. 

LCAR 

Bit 11 

(Loss of Carrier) Loss of Carrier is set when the car- 
rier presence (RENA) input to VLANCE goes false 
during a VLANCE-initiated transmission. VLANCE 
does not retry upon Loss of Carrier. LCAR is set by 
VLANCE and is cleared by the Host. 

RTRY 

Bit 10 

(Retry Error) Retry Error indicates that the transmit- 
ter has failed in 1 6 attempts to successfully transmit 
a message due to repeated collisions on the me- 
dium. If DRTY = 1 in the MODE register, RTRY sets 
after 1 failed transmission attempt. RTRY is set by 
VLANCE and is cleared by the Host. 

TDR 

Bits 09 : 00 

(Time Domain Relectometry) Time Domain Reflec- 
tometry is an internal counter that counts system 
clocks from the start of a transmission to the occur- 
rence of a collision. This value is useful in determin- 
ing the approximate distance to a cable fault. The 
TDR value is written by VLANCE and is valid only 
RTRY is set. 
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DESCRIPTOR RINGS IN MEMORY 
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CHAPTER 3 
FUNCTIONAL SPECIFICATIONS 



3. INTRODUCTION 

3.1. FUNCTIONAL DESCRIPTION 

This section describes the logical elements used to 
implement the VLANCE Ethernet Controller. 

3.2. LOGIC 

3.2.1 . CLOCK. The VLANCE has its clocks derived 
from a basic free running 1 0MHz clock presented to 
the input pin SCLK. Refer to Section 4 for the clock 
specification. The microcycle is 200 nanoseconds 
long, or two basic clock ticks. The microcycle is the 
basic unit of time in the microsequencer and the 
control data path. Clock suppression is the act of se- 
lectively stretching the microcyle to allow a memory 
transfer to complete when the Chip is operating as 
a bus master. Clock suppression can only occur in 
those microcycles that contain an asserted USUP- 
PRESS bit in the microword register. 

3.2.2. MICROSEQUENCER. VLANCE is controlled 
by an internal microprogram. Chained sequecing is 
used to advance the program address. Each micro- 
word contains the address of the next instruction 
plus any microbranch and trap information required 
in the program being executed. The microse- 
quencer operates as a one level deep pipeline. As 
one micro-instruction is being executed, the next is 
being accessed. The basic microcycle is 200 nano- 
seconds long, but may be extended on 200 nano- 
seconds boundaries to allow memory transfers to 
complete. During each microcycle, an address is 
formed to access the program store which is clocked 
into the microword register at the end of each cycle. 

3.2.3. CONTROL DATA PATH. The Control Data 
Path contains the hardware necessary to build, con- 
trol, and store the information required to do buffer 
management and to control the block transfers of 
data to and from the silo. The major components in 
this section of logic are a 24-bit adder, a data shuf- 
fler, a constant selector, and a static memory. In this 
memory resides twelve 24-bit Address Registers 
and ten 1 6 bit Status/Byte Count Registers. 

3.2.4. MESSAGE BYTE COUNT. The message 
byte count is contained in a 12-bit counter. The 
message byte count keeps track of the number of 
bytes entering or leaving the Silo under micropro- 
gram control for each transmission or reception. The 
value contained in the message byte count is writ- 
ten into memory through the MDR as part of the re- 
ception process. It is also used for the detection of 



runt packet on reception, and for the detection of 
babbling transmissions. 

3.2.5. RING END FINDERS. The ring end finders, 
one each for the receive and transmit rings, deter- 
mine whether the ring address pointers in the CDP 
RAM are at the end of the rings, and provide a micro- 
branchabie signal, which, when true, informs the 
microprogram to restore the pointers with the begin- 
ning address of the rings. The ring end finders are 
simply a pair of programmable modulo counters, the 
value of which is loaded at initialization time. The 
counters are independently incremented under 
microprogram control. 

3.3. BUS CONTROL 

3.3.1. BUS ADDRESS REGISTER. The Bus Ad- 
dress register (BA) is 27 bits wide. It is loaded di- 
rectly from the Data Shuffler under control of a bit in 
the microword, ENA BA CLK, at the end of the 
microcycle. At the same time, the bus address is 
clocked, byte mask and read/write information, as- 
sociated with the transfer is clocked into a three bit 
extension of the BA. Clocking of the BA initiates the 
bus transfer. The upper 8 bits of the BA drive 
A <A : 1 6> directly. The lower sixteen bits of the BA 
are multiplexed onto DAL <15 : 00> during the ad- 
dress portion of the bus cycle when VLANCE is the 
Bus Master. This is an internal register and is not di- 
rectly addressable by the user. 

3.3.2. MEMORY DATA REGISTER. The Memory 
Data Register (MDR) buffers data transfers to and 
from the I/O bus. The MD is clocked at the end of 
the microcycle. It is enabled from the ENA MD CLK 
bit of the microword register. I/O bus data is syn- 
chronized to VLANCE prior to loading the MDR. 

3.3.3. BUS MASTER CONTROL. VLANCE 
becomes a Bus Master for the purposes of acquir- 
ing data from the initialization block, buffer manage- 
ment, and the block move of data during the 
transmission or reception process. The Bus Master 
Control works in partnership with the microprogram. 
The microprogram is responsible for loading the BA 
and MDR for a write transaction, and loading the BA 
and unloading the MDR for a read transaction. 
Clocking the BA initiates the transfer. The micropro- 
gram also provides a clock suppress enable to stall 
selectively a microcycle until a memory transaction 
completes, thus providing synchronization between 
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the microprogram and the Bus Master Control. Dur- 
ing block transfer (DMA) of data, memory referen- 
ces overlap. VLANCE per forms up to 8 data 
transfers before relinquishing HOLD. Refer to Chap- 
ter 4 for timing specifications. 

3.3.4. MEMORY TIMEOUT. As a Bus Master, 
VLANCE detects and recovers from non-existent 
memory errors. VLANCE waits for a maximu m of 
25 microseconds for the assertion of REA DY after 
it asserts ALE. If VLANCE does not receive READY 
within that time, it sets the MERR bit of CSRO, ne- 
gates the RXON and TXON bits , and tak es no fur- 
ther action unless either the RESET signal is 
asserted or the STOP bit of CSRO is asserted. 

3.3.5. BUS SLAVE CONTROL. The Bus Slave con- 
trol is invoked when a memory transaction occurs 
and the CS pin is asserted. When this happens, it 
indicates that one of the four VLANCE CSR's is 
being accessed. CSRO provides visibility into 
VLANCE and is accessed independently of the 
microprogram. CSR1 and CSR2 hold the address 
of the initialization block and are resident within the 
CDP RAM. Accessing CSR1 and CSR2 causes a 
microtap for access. The microprogram issues the 
READY signal for CSR1 and C SR2. The Bus Slave 
Control independently returns READY for CSRO 
and CSR3. CSR3 allows the I/O pins to be pro- 
grammed. CSR1 , CSR2, and CSR3 are accessible 
only when the STOP bit of CSRO is set. Refer to 
Chapter 4 for timing specifications. 

3.3.6. DISCRETE USER APPARENT REGIS- 
TERS. Of the register ports and control and status 
registers, CSRO, CSR3 and RAP are read and writ- 
ten asynchronously from the parallel I/O bus. Refer 
to Section 2.3 for definitions of the register ports and 
control and status registers. 

3.4. TRANSCEIVER DATA PATH 

3.4.1 . SERIAL DATA OUTPUT. Serial output data is 
presented at the TX Output pin by VLANCE. The 
presence of the output data stream is indicated by the 
assertion of the TEN A level at the Output pin. TX and 
TENA are synchronous to the internal clock SCLK. 

3.4.2. SERIAL DATA INPUT. Serial input data is 
presented to VLANCE at the RX Input pin. The ser- 
ial input data clock is presented at the RCLK Input 
pin. The presence of the input data stream is indi- 
cated by the assertion of the RENA at its Input pin. 
RX, RCLK, and RENA are asynchronous to the in- 
ternal clock TCLK. RCLK is used by VLANCE to 
clock in the input data stream. After the assertion of 
RENA, VLANCE waits 800 nanoseconds before 



searching for the start bit. If VLANCE detects a 
double ZERO prior to detecting a START bit, 
VLANCE rejects the rest of the packet. Once the 
Start bit has been detected, VLANCE frames the re- 
maining bit stream into byte boundaries, syn- 
chronizes the bytes to the internal clock, and loads 
the Silo if not otherwise disabled. 

3.4.3. SILO. The SILO provides buffer storage for 
the data being transferred between the parallel bus 
I/O pins and serial bus I/O pins. The capacity of the 
SILO is 48 bytes. The fall-through time of the SILO 
is 200 nanoseconds maximum. The SILO has the 
following capabilities : 

1 . SILO OPERATION - TRANSMISSION. Data is 
loaded into the SILO under microprogram con- 
trol from the MDR. Data from the SILO goes to 
the serial output shift register. 

2. SILO OPERATION - UNDERFLOW. Under- 
flow occurs during Transmission when the out- 
put serial shift register requires data to continue 
an unbroken bit stream output, but data is not 
available at the output of the SILO, and the last 
data byte in the frame has been shifted out. 
Once the SILO has underflowed, the SILO 
locks out further reads and writes until cleared 
by the microprogram. 

3. SILO OPERATION - RECEPTION. Data is 
loaded into the SILO from the serial input shift 
register during Reception. Data leaves the 
SILO under microprogram control. The desti- 
nation is the MDR. Preamble is not loaded into 
the SILO. 

4. SILO OPERATION - OVERFLOW. Overflow 
occurs during Reception when the SILO is filled 
and data needs to be transferred from the input 
serial shift register. Once the SILO has over- 
flowed, the SILO locks out further reads and 
writes until cleared by the microprogram. 

5. SILO OPERATION - RESTORE. During Re- 
ception, restoring the SILO refers to the action 
of discarding the 6 bytes of the destination ad- 
dress that have accumulated in the SILO after 
an address match has been tested and an ad- 
dress match has not occurred. The same ac- 
tion occurs if less than 6 bytes are received 
before the packet ends. Note that this is differ- 
ent from clearing the SILO since there may be 
residual data in the SILO from a previous re- 
ception which cannot be lost. During the Trans- 
mission process, restoring the SILO refers the 
action of discarding the accumulated Transmit 
bytes when bit stream transmission has not yet 
begun and the receiver becomes active. 
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6. SILO OPERATION - INDEXING. The SILO is 
capable of holding residual data from a re- 
ceived packet, and accepting data from a sec- 
ond packet. The SILO is able to mark the end 
of one packet and the beginning of another. 

7. SILO OPERATION - CLEARING. The SILO is 
cleared as part of the recovery for overflow, 
underflow, and collision. SILO clearing is the 
action of flushing all data from the SILO uncon- 
ditionally by clearing the address counters. The 
SILO is cleared by a discrete microprogram 
operation. 

3.4.4. SILO - MEMORY BYTE ALIGNMENT. Mem- 
ory buffers may begin and end on arbitrary byte 
boundaries. Parallel data is byte aligned between 
the SILO and the MDR. Byte alignment can be 
reversed by setting the Byte Swap (BSWP) bit in 
CSR3. 
TRANSMISSION - WORD READ FROM EVEN 
MEMORY ADDRESS 
BWSP = : SILO BYTE n gets MDR <07 : 00> 
SILO BYTE n + 1 gets MDR <1 5 : 08> 
BWSP = 1 : SILO BYTE n gets MDR <1 5 : 08> 
SILO BYTE n + 1 gets MDR <07 : 00> 
TRANSMISSION - BYTE READ FROM EVEN 
MEMORY ADDRESS 
BSWP = : SILO BYTE n gets MDR <07 : 00> 

BSWP = 1 : SILO BYTE n gets MDR <1 5 : 08> 
TRANSMISSION - BYTE READ FROM ODD 
MEMORY ADDRESS 
BWSP = : SILO BYTE n gets MDR <1 5 : 08> 

BWSP = 1 : SILO BYTE n gets MDR <07 : 00> 
RECEPTION - WORD WRITE TO EVEN 
MEMORY ADDRESS 
BSWP = : MDR <07 : 00> gets SILO BYTE n 

MDR <15 : 08> gets SILO BYTE n + 1 
BSWP = 1 : MDR <15 : 08> gets SILO BYTE n 

MDR <07 : 00> gets SILO BYTE n + 1 
RECEPTION - BYTE WRITE TO EVEN 
MEMORY ADDRESS 
BSWP = : MDR <07 : 00> gets SILO BYTE n 

MDR<15 ; 08> don't care 

BSWP = 1 : MDR <15 : 08> gets SILO BYTE n 

MDR<07 : 00> don't care 

RECEPTION - BYTE WRITE TO ODD 

MEMORY ADDRESS 

BSWP = : MDR <07 : 00> don't care 

MDR <15 : 08> gets SILO BYTE n 
BSWP = 1 : MDR <1 5 : 08> don't care 

MDR <07 : 00> gets SILO BYTE n 



3.4.5. CYCLIC REDUNDANCY CHECK. VLANCE 
utilizes the 32-bit CRC function used in the Autodin- 
II network. Refer to the Ethernet Specification (sec- 
tion 6.2.4 Frame Check Sequence Field and 
Appendix C ; CRC Implementation) for more detail. 
VLANCE requirements for the CRC logic are the fol- 
lowing : 

1 . TRANSMISSION - MODE <02> LOOP = 0, 
MODE <03> DTCRC = 0. VLANCE calculates 
the CRC from the first bit following the Start bit 
to the last bit of the data field. The CRC value 
is inverted and appended onto the trans- 
mission in one unbroken bit stream. 

2. RECEPTION - MODE <02> LOOP = 0. 
VLANCE performs a check on the input bit 
stream from the first bit following the Start bit 
to the last bit in the frame. VLANCE continually 
samples the state of the CRC check on framed 
byte boundaries, and, when the incoming bit 
stream stops, the last sample determines the 
state of the CRC error. Framing error (FRAM) 
is not reported if there is no CRC error. 

3. LOOPBACK - MODE <02> LOOP = 1, 
MODE <03> DTRC = 0. VLANCE generates 
and appends the CRC value to the outgoing bit 
stream as in Transmission but does not check 
the incoming bit stream. 

4. LOOPBACK - MODE <02> LOOP = 1, 
MODE <03> DTRC = 1 . VLANCE performs the 
CRC check on the incoming bit stream as in 
Reception, but does not generate or append 
the CRC value to the outgoing bit stream. 

3.5. TRANSMISSION 

Serial transmission consists of sending an unbroken 
bit stream from the TX pin consisting of : 

1 . Preamble/Start bit : 64 alternating ONES and 
ZEROS terminating in two ONEs. The last 
ONE is the Start bit. 

2. Data : The serialized byte stream from the Silo. 
Shifted out LSB first. 

3. CRC : The inverted 32 bit polynomial calcu- 
lated from the Data field. CRC is not trans- 
mitted if : 

1. Transmission of the Data field is truncated 
for any reason. 

2. CLSN becomes asserted any time during 
transmission. 

3. VLANCE is in Loopback mode and CRC 
transmission is disabled (MODE <03> = 1 and 
MODE<02> = 1). 

4. Mode <03> DTCRC = 1 in a normal trans- 
mission mode. 
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Transmission is indicated at the I/O pin by the as- 
sertion of TENA with the first bit of the preamble and 
the negation of TENA after the last transmitted bit. 
VLANCE starts transmitting the preamble when the 
following are satisfied. 

1 . There is at least one byte of data to be trans- 
mitted in the Silo. 

2. The inter-packet delay has elapsed. 

3. The backoff interval has elapsed, if a retrans- 
mission. 

3.5.1. INTERPACKET DELAY. The interpacket 
delay is 9.6 to 10.6 microseconds including syn- 
chronization. The interpacket delay interval begins 
after the negation of the REN A signal, VLANCE con- 
tinuously monitors the RENA input pin to monitor or 
generate an interpacket delya. If VLANCE is about 
to transmit (about to assert the TENA output pin) 
and RENA is asserted, the chip will not assert TENA 
until RENA has negated and the interpacket delay 
has elapsed. Whenever VLANCE is about to trans- 
mit and is waiting for the interpacket delay to elapse, 
it will begin transmission immediately after the inter- 
packet delay interval, independent of the state of 
RENA. 

3.5.2. COLLISION DETECTION AND COLLISION 
JAM. Collisions are detected by monitoring the CLSN 
input pin. If CLSN becomes asserted during a Frame 
Transmission, TENA will remain asserted for at least 
32 (but not more than 48) additional bit times (includ- 
ing CLSN synchronization). This additional trans- 
mission after collision is referred to as COLLISION 
JAM. The bit pattern present at the TX output pin is 
unspecified during COLLISION JAM, but it may not 
be the 32 bit CRC value corresponding to the (partial) 
packet transmitted prior to the COLLISION JAM. 

If CLSN becomes asserted during the reception of a 
packet, this reception is immediately terminated. De- 
pending on the timing of collision detection, the follow- 
ing will occur. A collision that occurs within 6 byte times 
(4.8 microseconds) will result in the packet being re- 
jected because of an address mismatch with the silo 
write pointer being reset. A collision that occurs with- 
in 64 byte times (51 .2 microseconds) will result in the 
packet being rejected since it is a runt packet. A colli- 
sion that occurs after 64 byte times will result in a trun- 
cated packet being written to the memory buffer with 
the CRC error bit being set in the Status Word of the 
Receive Ring. 



3.5.3. COLLISION BACKOFF. When a trans- 
mission attempt has been terminated due to the as- 
sertion of CLSN, it is retried by VLANCE up to 1 5 
times until successful, or something else aborts the 
process (memory timeout). The scheduling of the 
retransmissions is determined by a controlled ran- 
domized process called "truncated binary exponen- 
tial backoff". Upon the negation of the COLLISION 
JAM interval, VLANCE calculates a delay before re- 
transmitting. The delay is an integral multiple of the 
SLOT TIME. The SLOT TIME is 512 bit times. The 
number of SLOT TIMEs to delay before the nth re- 
transmission attempt is chosen as a uniformly dis- 
tributed random integer in the range : 

0<r<2 k where k = min (n,10) 

If all 16 attempts fail, VLANCE sets the RTRY bit in 
the current Transmit Message Descriptor 3 in mem- 
ory, and steps over the current transmit buffer. 

3.5.4. COLLISION - MICROCODE INTERACTION. 
The microprogram uses the time provided by COL- 
LISION JAM, INTERPACKET DELAY, and the 
backoff interval to restore the address and byte 
counts and start loading the Silo in anticipation of 
retransmission. It is important that VLANCE be 
ready to transmit when the backoff interval elapses 
in order to utilize the channel properly. 

3.5.5. TIME DOMAIN REFLECTOMETRY. VLANCE 
contains a time domain reflectometry counter. The 
TDR counter is ten bits wide. It counts at a 10MHz 
rate. It is cleared by the microprogram and counts 
upon the assertion of RENA during transmission. 
Counting ceases if CLSN becomes true. The counter 
does not wrap around, once all ONEs are reached in 
the counter, that value is held until cleared. The value 
in the TDR is written into memory by the micropro- 
gram through the MDR. TDR is used to determine the 
location of suspected cable faults. Transfer from TDR 
counter into MDR register occurs only if RTRY is set. 
Normally, when RTRY is not set, the value of TDR will 
be all zeros. 

3.5.6. HEARTBEAT During the INTERPACKET 
DELAY following the negation of TENA, the CLSN 
input is asserted by some Version 1 and all Version 
2 tranceivers as a self-test. If two microseconds of 
the INTERPACKET DELAY elapse without CLSN 
having been asserted, VLANCE will set the CERR 
bit in CSRO (bit <13>). This function is gated off in 
the internal loopback mode. 



*n 



SGS-THOMSON 



35/46 



73 



TECHNICAL MANUAL 



3.6. RECEPTION 

Serial reception consists of receiving an unbroken 
bit stream on the RX I/O pin consisting of : 

1. Preamble / Start bit : Two ONES occuring a 
minimum of 8 bit times after the assertion of 
RENA. The last ONE is the Start bit. 

2. Destination Address : The 48 bits (6 bytes) fol- 
lowing the Start bit. 

3. Data : The serialized byte stream following the 
Destination Address. The last four complete 
bytes of data are the CRC. The Destination Ad- 
dress and the Data are framed into bytes and 
enter the Silo. 

Reception is indicated at the I/O pin by the asser- 
tion of RENA and the presence of clock on RCLK 
while TEN A is deasserted. 

3.6.1 . STATION ADDRESS DETECTION. The sta- 
tion address detect logic checks the destination ad- 
dress of the incoming packet to determine if the 
packet is addressed to this node. A packet will be 
accepted if at least one of the following is true : 

1 . Physical address match : The destination ad- 
dress of the packet exactly matches the physi- 
cal address of the node. 

2. Logical address match : The destination ad- 
dress of the packet is hashed using the CRC. 
The hash function is used to determine a logi- 
cal address match. 

3. Promiscuous mode : The node accepts all pac- 
kets regardless of the destination address. 

4. Broadcast Detection : The destination address 
of the packet is the Broadcast Address ; all 
ones. 

3.6.1.1. Physical Address Register. The physical 
address register is 48 bits wide and contains the 
physical address of VLANCE. The microprogram 
loads the physical address from the initialization 
block through three sequential memory transac- 
tions. If the first bit following the Start bit is a ZERO, 
VLANCE will perform a physical address compare. 
The following 47 bits are compared, bit for bit, for an 
exact match. If they don not match, VLANCE will re- 
ject the packet. Bit <00> of the physical address reg- 
ister corresponds to the first bit of the destination 
address field, and bit <47> of the physical address 
register corresponds to the last bit of the destination 
address field. 

3.6.1 .2. Logical Address Filter Register. The logi- 
cal address filter register is 64 bits wide. The micro- 



program loads the logical address filter from the in- 
itialization block through four sequential memory 
transactions. If the first bit following the Start bit is a 
ONE, VLANCE will perform a logical address com- 
pare. After the last bit of the destination address is 
clocked into the CRC check logic, the value of CRC 
31 :26 is used as an index into the logical address 
filter register. If the bit selected in the register is not 
a ONE, the chip will reject the packet. 

3.6.1.3. Promiscuous Mode. If MODE <15> 
PROM = 1 , VLANCE will accept all packets, regard- 
less of the destination address. 

3.6.1.4. Broadcast Address Detection. VLANCE 
will always accept all packets sent to the Broadcast 
Address of all ones. 

3.6.2. RUNT PACKET FILTRATION. If, after load- 
ing a buffer, the message byte count is less than 64 
bytes, VLANCE does not update the ring descriptor 
entry that pointed to the buffer. Instead VLANCE re- 
tains the buffer information for use with the next in- 
coming packet. An incoming message must be 
greater than 64 bytes to be considered a valid 
packet. 

3.7. LOOPBACK 

The normal operation of VLANCE is as a half du- 
plex device. However, to provide an on-line oper- 
ational test of VLANCE, a pseudo-full duplex mode 
is provided. In this mode, simultaneous trans- 
mission and reception of a loopback packet are en- 
abled with the following constraints : 

1 . The packet length must be no longer than 32 
bytes, exclusive of the CRC. 

2. Serial transmission does not begin until the Silo 
contains the entire output packet. 

3. Moving the input packet from the Silo to the 
memory does not begin until the serial input bit 
stream terminates. 

4. CRC may be generated and appended to the 
output serial bit stream or may be checked on 
the input serial bit stream, but not both in the 
same transaction. 

5. In internal loopback, the "RAT" bits must be set 
to "0". 

Loopback is controlled by bits <06,03 : 02> INTL, 
DTCR, and LOOP of the MODE register, refer to 
Section 2.4.1.1 for detailed operation of this regis- 
ter. 
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3.8. MICROPROGRAM OVERVIEW 

3.8.1. SWITCH ROUTINE. Upon power-up, the 
microprogram finds itself in a routine to evaluate the 
INIT, STRT and STOP bits of CRSO. INIT and STRT 
are clea red and STOP is set by the hardware by 
RESET. Setting either INIT or STRT through an I/O 
transfer to CSRO clears STOP. Setting STOP 
through an I/O transfer clears INIT and STRT. After 
seeing STOP cleared, the microprogram tests the 
state of INIT. If set, it branches to the initialization 
routine, returns, and tests the state of STRT. If INIT 
is clear and STRT is set, the microprogram goes on 
to the Polling routine without going to the Initializa- 
tion routine. If, while the STOP bit is set, an I/O trans- 
fer to CSR1 or CSR2 occurs, the microprogram 
traps to the CSR service routine. 

3.8.2. INITIALIZATION ROUTINE. This routine is 
entered only from the switch routine upon the set- 
ting of the INIT bit. Its function is to load VLANCE 
with the data from the initialization block memory. 
The routine accesses the initialization block through 
the address loaded into the GDP RAM by a trap to 
CSR1 and CSR2 that should have occured prior to 
the INIT bit being set. This routine simply sequen- 
tially reads the initialization block and stores the in- 
formation away in the appropriate elements of 
VLANCE. When done, the microcode returns to the 
switch routine. 

3.8.3. POLLING ROUTINE. This routine is entered 
from : 

1 . The switch routine upon the setting of the 
STRT bit. 

2. The receive routine after a packet has been re- 
ceived. 

3. The transmit routine after a packet has been 
transmitted. 

4. The transmit routine after a Transmission Abort 
occurs. 

5. The memory error trap routine after the trap is 
serviced. 

The routine begins by testing to see if the receiver 
is disabled, and, if not, tests the current receiver 
buffer ownership bit to see if it owns a buffer. If 
VLANCE had no acquired a buffer previously, the 
microprogram goes to the receiver polling routine to 
acquire one. When the microprogram returns from 
the receive polling routine, or if VLANCE had ac- 
quired a buffer previously, it tests to see if the trans- 
mitter is disabled, and if not, goes to the transmit 
polling routine to test if there is a buffer to be trans- 
mitted. When the microprogram returns from the 



transmit polling routine, the microprogram enters a 
timing loop, and repeats the routine upon timeout 
(above 1 .6ms). Setting the TDMD bit in CSRO over- 
rides the timing loop. This forces the microprogram 
to fall through the wait loop. The TDMD bit is cleared 
immediately after leaving the wait loop. Therefore, 
to be effective, TDMD should be set after a buffer 
has been inserted on the transmit ring. 

During this routine, should the receiver become ac- 
tive, the microprogram traps to the receive routine. 

3.8.4. RECEIVE POLLING ROUTINE. This routine 
is entered if the receiver is enabled, and VLANCE 
needs a free buffer. The routine begins by the micro- 
program performing a memory transaction to get a 
buffer status word from the receive descriptor ring. 
After acquiring the word, it tests to see if it owns the 
buffer. If not, the microprogram returns to the poll- 
ing routine. If it does, the microprogram proceeds to 
acquire two additional words to obtain the rest of the 
buffer address and byte count. If then returns to the 
polling routine with the three words stored in the 
CDP RAM. The trap to the receive routine is enabled 
in this routine. 

3.8.5. RECEIVE ROUTINE. The receive routine is 
entered when the receiver is enabled and an incom- 
ing packet address has been detected as a match. 
The routine is divided into three sections of code, an 
initialization section, a buffer lookahead section, and 
a descriptor update section. In the initialization sec- 
tion, the microprogram first tests to see if it has ac- 
quired a free buffer. If not, it makes one attempt to 
get the status, address, and byte count from mem- 
ory. VLANCE backs up the address and byte count 
in the CDP RAM for runt packet recovery, and pro- 
ceeds to the lookahead section. In the lookahead 
section, the microprogram tries to acquire an addi- 
tional buffer by memory transactions with the ring 
buffer descriptors. If it acquires one, it stores it in the 
CDP RAM, and waits for byte count overflow or the 
frame to terminate. In this section the receive DMA 
trap is enabled. The descriptor update section is en- 
tered when byte count overflow has occured of the 
message has ended. The code section begins with 
a test to determine if the message has completed, 
if data chaining needs to be done, or if a runt packet 
has been encountered. If a runt packet has been en- 
countered, the microprogram restores the address 
and byte count and goes to the polling routine. If the 
incoming message has terminated, the micropro- 
gram writes the message length into the ring de- 
scriptor entry, writes the status information into the 
ring descriptor entry, puts the next buffer status in- 
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formation it acquired in the lookahead code in the 
current buffer status area of the CDP RAM, advan- 
ces the ring pointer, and goes to polling. If the byte 
count has overflowed, but the message has not 
ended, chaining is required. The microprogram re- 
leases the buffer by writing the status information 
into the ring descriptor entry, puts the next buffer 
status information it acquired in the lookahead code 
in the current buffer status area of the CDP RAM, 
advances the ring pointer, and returns to the looka- 
head code section. 

3.8.6. RECEIVE DMA ROUTINE. The Receive 
DMA routine in entered whenever there are 16 or 
more bytes of data in the SILO for transfer to mem- 
ory during receive. The routine is also entered when 
there are less than 16 bytes in the SILO and the re- 
ceiver has gone inactive. This is to allow the SILO 
to empty at thr end of reception. Once entered, the 
Receive DMA routine transfers 16 bytes of data to 
memory by doing 8 word transfers, these transfers 
are done on a single memory bus acquisition. This 
means that VLANCE will arbitrate through the 
HOLD-HOLD ACKNOWLEDGE sequence and 
then keep HOLD asserted for the duration of 8 trans- 
fers. The READY signal from the bus slave device 
controls the individual word transfers. 

If the memory buffer starts on an odd address 
boundary, the first transfer is 1 byte rather than 1 
word (2 bytes). This routine is also used to transfer 
less than 1 6 bytes at the end of a reception depend- 
ing upon the packet size, buffer addresses and data 
chaining. 

Note : DMA (direct memory access) is performed 
each time VLANCE initiates a memory 
transfer. However, in this document, DMA 
refers only to those transfers between the 
SILO and Bus memory. 

This routine is entered through a microtrap in the 
lookahead section of the receive routine. The func- 
tion of the routine is to move data out of the SILO to 
local memory. The trap is active when there are 16 
or more bytes of data in the SILO and SILO over- 
flow has not occurred or when the incoming mess- 
age has terminated with data in the SILO. The 
routine pipelines the data through the Memory Data 
register while the address and byte counts are in- 
cremented in the control data path. A memory ti- 
meout will cause atrap. The routine is exited through 
the URETURN register to the code section that orig- 
inally trapped to this routine. 



3.8.7. TRANSMIT POLLING ROUTINE. The trans- 
mit polling routine is entered from the polling routine 
to determine if a message has been scheduled on 
the transmit descriptor ring. The routine begins by 
testing the status word of the ring descriptor entry. 
The routine tests the ownership of the ring buffer by 
reading the status word in the ring descriptor. If 
VLANCE does not own the buffer, the microprogram 
returns to the polling routine. If it does own the buff- 
er, this indicates that a message is to be transmitted, 
and the microprogram performs memory transac- 
tions to acquire and store the address and byte 
count of the buffer in the CDP RAM. It then goes to 
the transmit routine to allow transmission of the buff- 
er. The receive active trap is enabled during this rou- 
tine to allow for processing of an incoming packet 
and termination of the transmit process. 

3.8.8. TRANSMIT ROUTINE. The transmit routine 
is entered from the transmit polling routine when the 
microcode finds a buffer that it owns, indicating that 
a message is scheduled to be transmitted. The rou- 
tine is divided into three sections of code : an initial- 
ization section, a buffer lookahead section, and a 
descriptor update section. Upon entering the initial- 
ization section, the firstthing the microprogram does 
is back up the buffer address and byte count in the 
event of a retry. It then enables the DMA engine to 
start filling the SILO and send the preamble. It then 
enters a wait loop until the transmitter is actually 
sending the bit stream. It then proceeds to the looka- 
head section. In the lookahead section, the micro- 
program tests to determine if the current buffer it is 
transmitting has been marked with the end of packet 
flag. If so, data chaining is not required. The micro- 
program enters a wait loop for byte count overflow. 
If the end of packet flag is not set, the microprogram 
attempts to obtain the next buffer descriptor status, 
address, and byte count before entering the wait 
loop. When byte count overflow does occur, the 
microprogram enters the descriptor update section. 
In the descriptor update, section, the microprogram 
first determines if an error has occured or, simply, if 
data chaining must be performed. If an error needs 
to be reported, an error status word is written into 
the ring descriptor prior to writing the status word 
containing the "OWN" bit which releases the buffer. 
If no error is to be reported, the single word contain- 
ing the "OWN" bit is written. The microprogram re- 
turns to the polling section if the "ENP" flag is found. 
Otherwise the microprogram returns to the looka- 
head section. 
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3.8.9. TRANSMIT DMA ROUTINE. This routine is 
entered through a microtrap in the lookahead sec- 
tion of the transmit routine. The function of the rou- 
tine is to move data out of local memory into the 
SILO. The trap is active when there are 16 or more 
free locations in the SILO and SILO underflow has 
not occurred. The routine pipelines the data through 
the Memory Data register while the address and 
byte counts are incremented in the Control Data 
Path. A memory timeout will cause a trap. After a 
maximum of eight (8) words have been transferred 
into the SILO, the routine is exited through the URE- 
TURN register to the code section that originally 
trapped to this routine. 

This routine is entered when a collision has been 
detected while the transmitter is active. The buffer 
address and byte counts are restored and the micro- 
program proceeds to the transmit routine to resche- 
dule the transmission. This is the rule if less than 1 5 
retransmissions have occured. If 15 retransmis- 
sions have occured, the microprogram goes instead 
to the error reporting code in the descriptor update 
section. 

3.8.1 1 CSR TRAP ROUTINE. The CSR trap routine 
is entered only during the switch routine when the 
STOP bit of CSRO is set. The function of the routine 
is to allow the access of CSR1 and CSR2 through 
an I/O transaction. The routine determines which 
CSR is being accessed, read or written, moves the 
data betwee n the M DR and the CDP RAM, and 
generates a READY signal. The routine is exited 
through the URETURN register. 

3.8.1 2 MEMORY TIMEOUT TRAP ROUTINE. This 
trap is invoked whenever a memory transfer times 
out. The routine sets the STOP bit of CSRO and re- 
turns the microprogram to the start of the switch rou- 
tine. 

3.8.13. RETRY TRAP ROUTINE. This routine is en- 
tered when a collision has been detected. The buff- 
er address pointer is restored and the SILO is 



cleared to restore the READ and WRITE pointers. 
If there was a TX error, it indicates that 1 5 retrans- 
missions have occured (1 6 total attemps) or that the 
Disable Retry bit (DRTY) is set in the Mode register. 
The microprogram then writes the status into the 
transmit descriptor ring. 

If there was no TX error, the byte count is restored 
and the microprogram returns to the start of the 
transmit routine to attempt another transmission. 

3.8.14. DATA CHAIN. If Byte Count Equal 
becomes true, it indicates that the receive buffer is 
full and the packet is not yet finished, which is the 
data chain case. The microprogram updates the re- 
ceive status in the descriptor ring. It then checks the 
next OWN bit. If next OWN is false, which would be 
the case if there was only one buffer or if there was 
more than one buffer but the chip did not own the 
next one, the microprogram waits for RX Active to 
go false. This indicates that no more data is arriving 
from the Ethernet. When RX Active goes false, the 
current RX OWN bit is cleared because the ring 
entry has just been for the updated receive status. 
The SILO is then cleared to restore the READ and 
WRITE pointers, RX Clear is issued and the micro- 
program returns to the Polling routine. 

If VLANCE owned the next buffer, the current re- 
ceive buffer parameters in the CDP Ram are up- 
dated from the next receive buffer parameters that 
had previously been loaded into the CDP Ram. The 
microprogram then checks for the end of the ring 
and updates the address pointers accordingly. The 
microprogram then goes through the receive buffer 
lookahead microprogram once to try to acquire an- 
other receive buffer if one is available. The micro- 
program finally returns to the wait loop until either 
RX Done, SILO overflow or receive buffer overflow 
becomes true. When RX Done or SILO Overflow oc- 
curs, the microcode sets the RINT bit in CSRO. The 
flow from this point is the same as described else- 
where. 
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CHAPTER 4 
ELECTRICAL SPECIFICATIONS 



4. ELECTRICAL SPECIFICATIONS 

This chapter provides tabular presentations for Ab- 
solute Maximum Ratings, DC Characteristics, Ca- 
pacitance, and AC Timing Specifications. In 



addition, illustrations are provided for an Output 
Load Diagram and for Serial Link, Bus Master, and 
VLANCE Bus Slave Timing Diagrams. 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Value 


Unit 




Temperature under Bias 


-25to + 100 


°C 




Storage Temperature 


-65to + 150 


°C 




Voltage on any Pin with Respect to Ground 


- .7 to + 7 


v 




Power Dissipation 


2.0 


w 



Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other condition above those indicated in the operational sections of this specifica- 
tion is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 



DC CHARACTERISTICS T A = 


0°C to 70°C, V cc = + 5V ± 5% unless otherwise specified. 






Symbol 


Parameter 


Min. 


Max. 


Unit 


V, L 




-0.5 


+ 0.8 


V 


V, H 




+ 2.0 


V cc +0.5 


V 


Vol 


@ l 0L + 3.2mA 




+ 0.5 


v 


VOH 


@ l 0H = - 0.4mA 


+ 2.4 




v 


IlL 


@ V in = 0.4 to V cc 




± 10 


(lA 



CAPACITANCE F=1MHz 



Symbol 



Parameter 



Min. 



Max. 



Unit 



10 



pF' 



10 



PF 



20 



PF 



AC TIMING SPECIFICATIONS T A = 0°C to 70°C, V cc = + 5V ±5%, unless otherwise specified. 



n° 


Signal 


Symbol 


Parameter 


Test Conditions 


Min. 


Typ. 


Max. 


Unit 


1 


SCLK 


Tsct 


SLCK Period 




99 




101 


ns 


2 


SCLK 


Tscl 


SLCK Low Time 




45 




55 


ns 


3 


SCLK 


T SCH 


SCLK High Time 




45 




55 


ns 


4 


SLCK 


T SCR 


Rise Time of SCLK 









8 


ns 


5 


SLCK 


Tscf 


Fall Time of SCLK 









8 


ns 


6 


TENA 


Tsep 


TENA Propagation Delay after the 
Rising Edge of SCLK 


C L = 50pF 






95 


ns 


7 


TENA 


TsEH 


TENA Hold Time after the Rising 
Edge of SCLK 


C L = 50pF 


25 






ns 



40/46 



^78 



Gt 



SGS-THOMSON 



TECHNICAL MANUAL 



AC TIMING SPECIFICATIONS (continued) 


n° 


Signal 


Symbol 


Parameter 


Test 
Conditions 


Min. 


Typ. 


Max. 


Unit 


8 


TX 


Tsdp 


TX Data Propagation Delay after the 
Rising Edge of TCLK 


C L = 50pF 






95 


ns 


8A 


TX 


Tdtt 


TX Transition - Transition 
(see note 2) 


C L = 50pF 


B t -1 






ns 


9 


TX 


TsDH 


TX Data Hold Time after the Rising 
Edge of SCLK 


C L = 50pF 


25 






ns 


10 


RCLK 


Trct 


RCLK Period 




85 




118 


ns 


11 


RCLK 


Trch 


RCLK High Time 




38 






ns 


12 


RCLK 


Trcl 


RCLK Low Time 




38 






ns 


13 


RCLK 


Trcr 


Rise Time of RCLK 









8 


ns 


14 


RCLK 


Trcf 


Fall Time of RCLK 









8 


ns 


15 


RX 


Trdr 


RX Data Rise Time 









8 


ns 


16 


RX 


Trdf 


RX Data Fall Time 









8 


ns 


17 


RX 


Trdh 


RX Data Hold Time (RCLK to RX 
data change) 




5 






ns 


18 


RX 

(see note) 


Trds 


RX Data Setup Time (RX data stable 
to the rising edge of RCLK) 




60 






ns 


19 


RENA 


Tdpl 


RENA Low Time 




120 






ns 


20 


RENA 


Trenh 


RENA Hold Time after Rising Edge 
of RCLK 




40 






ns 


21 


CLSN 


Tcph 


CLSN High Time 




80 






ns 


22 


A/DAL 


TcOFF 


Bus Master Driver Disable after 









50 


ns 


Rising Edge of HOLD 


23 


A/DAL 


Tdon 


Bus Master Driver Enable after 









150 


ns 


Falling Edge of HLDA 


24 


HLDA 


Thha 


Delay to Falling Edge of HLDA from 
Falling Edge of HOLD (bus master) 











ns 


25 


RESET 


Trw 


RESET Pulse Width Low 




200 






ns 


26 


A/DAL 


TcYCLE 


Read/write, Address/data Cycle Time 




600 






ns 


27 


A 


Txas 


Address Setup Time to the Falling 
Edge of ALE 




75 






ns 


28 


A 


TxAH 


Address Hold Time after the Rising 
Edge of DAS 




15 






ns 


29 


DAL 


Tas 


Address Setup Time to the Falling 
Edge of ALE 




75 






ns 


30 


DAL 


Tah 


Address Hold Time after the Falling 
Edge of ALE 




35 






ns 


31 


DAL 


Trdas 


Data Setup Time to the Rising Edge 
of DAS (bus master read) 




50 






ns 


32 


DAL 


Trdah 


Data Hold Time after the Rising 
Edge of DAS (bus master read) 











ns 


33 


DAL 


Tddas 


Data Setup Time to the Falling Edge 
of DAS (bus master write) 











ns 


34 


DAL 


Twds 


Data Setup Time to the Rising Edge 
of DAS (bus master write) 




200 






ns 


35 


DAL 


TwDH 


Data Hold Time after the Rising 
Edge of DAS (bus slave read) 




35 






ns 



Note : TRDs(min) = Trct 25ns i.e Trct = 100ns, then TRDs(min) = 75ns. 
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AC TIIVIINO SPECIFICATION (continued) 


n° 


Signal 


Symbol 


Parameter 


Test 
Conditions 


Min. 


Typ. 


Max. 


Unit 


36 


DAL 


Tsdoi 


Data Driver Deiay after the Falling 
Edge of DAS (bus slave read) 


(CRS 0,3, 
RAP) 




400 




ns 


37 


DAL 


"^SD02 


Data Driver Delay after the Failing 
Edge of DAS (bus slave read) 


(CRS 1,2) 




1200 




ns 


38 


DAL 


TsRDH 


Data Hold Time after the Rising 
Edge of DAS (bus slave write) 









35 


ns 


39 


DAL 


TSWDH 


Data Setup Time to the Falling Edge 
of DAS (bus slave write) 











ns 


40 


DAL 


Tswds 


Data Setup Time to the Falling Edge 
of DAS (bus slave write) 











ns 


41 


ALE 


Talew 


ALE Width High 




120 




150 


ns 


42 


ALE 


Tdale 


Delay from Rising Edge of DAS to 
the Rising Edge of ALE 




70 






ns 


43 


DAS 


Tdsw 


DAS Width Low 




200 






ns 


44 


DAS 


Tadas 


Delay from the Falling Edge of ALE 
to the Falling Edge of DAS 




80 




130 


ns 


45 


DAS 


Tridf 


Delay from the Rising Edge of DALO 
to the Falling Edge of DAS (bus 
master read) 




15 






ns 


46 


DAS 


Trdys 


Delay from the Falling Edge of 
READY to the Rising Edge of DAS 


Taryd=300ns 


100 




250 


ns 


47 


DAL! 


Troif 


Delay from the Rising Edge of DALO 
to the Falling Edge of DALI (bus 
master read) 




15 






ns 


48 


DALI 


Tris 


DALI Setup Time to the Rising Edge 
of DAS (bus master read) 




135 






ns 


49 


DAL! 


Trih 


DAL! Hold Time after the Rising 
Edge of DAS (bus master read) 











ns 


50 


DALI 


Triof 


Deiay from the Rising Edge of DALI 
to the Falling Edge of DALO (bus 
master read) 




55 






ns 


51 


DALO 


Tos 


DALO Setup Time to the Falling 
Edge of ALE (bus master read) 




110 






ns 


52 


DALO 


Troh 


DALO Hold Time after the Falling 
Edge of ALE (bus master read) 




35 






ns 


53 


DALO 


Twdsi 


Delay from the Rising Edge of DAS 
to the Rising Edge of DALO (bus 
master write) 




35 






ns 


54 


CS 


Tcsh 


CS Hold Time after the Rising Edge 
of DAS (bus slave) 











ns 


55 


CS 


^css 


CS Setup Time to Falling Edge of 
DAS" (bus slave) 











ns 


56 


ADR 


TsAH 


ADR Hold Time after the Rising 
Edge of DAS (bus slave) 











ns 


57 


ADR 


T SAS 


ADR Setup Time to the Falling Edge 
of DAS (bus slave) 











ns 


58 


READY 


Taryd 


Delay from the Falling Edge of ALE 
to the Falling Edge of READY to 
insure a Minimum Bus Cycle Time 
(600ns) 








80 


ns 
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AC TIMING SPECIFICATIONS (continued) 












n° 


Signal 


Symbol 


Parameter 


Test 
Conditions 


Min. 


Typ. 


Max. 


Unit 


59 


READY 


TsRDS 


Data Setup Time to the Falling Edge 
of READY (bus slave read) 




75 






ns 


60 


READY 


Trdyh 


READY Hold Time after the Rising 
Edge of DAS (bus master) 











ns 


61 


READY 


Tsroi 


READY Driver Turn on after the 
Falling Edge of DAS {bus slavel 


(CSR 0,3, 
RAP) 




600 




ns 


62 


READY 


T SR02 


READY Driver turn on after the 
Falling Edge of DAS (bus slave) 


(CSR 1,2) 




1400 




ns 


63 


READY 


TsRYH 


ready Hold Time after the Rising 
Edge of DAS (bus slave) 









35 


ns 


64 


READ 


TsRH 


READ Hold Time after the Rising 
Edge of DAS (bus slave) 











ns 


65 


READ 


T SRS 


READ Setup Time to the Falling 
Edge of DAS (bus slave) 











ns 



Figure 14 : Output Load Diagram. 
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Figure 15 : Serial Link Timing Diagram - SIA Interface Signals. 
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Figure 16 : Bus Master Timing Diagram. 
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Note : The Bus Master cycle time will increase from a minimum of 600ns in 100ns steps until the slave device returns READY. 
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Figure 17 : VLANCE Bus Slave Timing Diagram. 
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MANCHESTER ENCODER DECODER 



CONFORMS TO STARLAN SPECIFICATIONS 
AUTO COMPENSATION FOR LINE REVER- 
SAL 

COMPATIBLE WITH MOST ETHERNET CON- 
TROLLER CHIPS 

DATA RATES DC TO 2.66Mbps SUPPORTED 
MANCHESTER OR DIFFERENTIAL MAN- 
CHESTER DATA ENCODING/DECODING 
FULL DUPLEX OR HALF DUPLEX OPER- 
ATION 

SUPPORTS STAR, BUS, OR POINT-TO-POINT 
NETWORK TOPOLOGIES 
COLLISION DETECTION CIRCUITRY WITH 
THE FOLLOWING FEATURES : 

- detects missing mid-bit transitions 

- detects too close together 

- transitions too far apart 

- external collision input pin 

- carrier dropout 

- watchdog timer 

- AT&T Release 1 collision presence signal 

- echo timeout 

OPTIONAL END-OF-FRAME DETECTION 

- input protection at end-of-frame 
LOOPBACK CAPABILITY 

RECEIVE CARRIER AUTOMATICALLY CON- 
VERTED TO A LEVEL SIGNAL 
OPTIONAL WATCHDOG TIMER TO PREVENT 
CONTINUOUS TRANSMISSION 
OPTIONAL ECHO TIMER TO SIGNAL ERROR 
IF TRANSMITTED FRAME IS NOT RECEIVED 
OPTIONAL HEARTBEAT GENERATION 
IN 82586/82588 MODE, INSENSITIVE TO 
EXTRA BITS AHEAD OF PREAMBLE 
DIGITAL PHASE-LOCKED LOOP 
ON CHIP CRYSTAL OSCILLATOR, 16, 10, 8, 
OR 6X OPERATION 
CMOS TECHNOLOGY 
28-PIN DIP 

SINGLE 5-VOLT SUPPLY 
ALL INPUTS AND OUTPUTS TTL COM- 
PATIBLE* 



Figure 1 : MK5033 Pin 


Assignment. 
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1 U 
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J 2d 


vcc 


XSEL1 


2 C 

3 n 




377 
D26 


xo 

XEN 


LBACK 


RD 


« c 






D25 


TX 


RC 


sC 






I] 24 


TCLK 


XSELfl 


6C 




M 


J 23 


ETDCW 


CMODE1 


7C 




K 


U22 


NB€N 


ETEN 
WUTEN 


9C 




5 



3 21 
U20 


AJEN 


OMAN EN 


REWA 


to r 




3 


D19 


TEMA 


CLSN 


ii r: 




3 


3 18 


X1 


RCLK 

RX 

GND 


12 C 

13 C 

14 C 






3 17 
D15 


X2 


ECLSM 


RESET 









DESCRIPTION 

The MK5033 is a general purpose Manchester En- 
coder/Decoder. It incorporates several features that 
make it an ideal StarLAN station chip. The MK5033 
performs three functions. It encodes data from a 
controller chip into Manchester or Differential data. 
It decodes Manchester or Differential Manchester 
data from the line transceiver and produces NRZ 
data and clock for the controller chip. It also detects 
collision and signals the controller chip that a colli- 
sion has occurred. 



* Crystal inputs have CMOS thresholds. 
July 1989 
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Figure 2 : Manchester Encoder/Decoder Block Diagram. 
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ECLSN Input 



PIN DESCRIPTION 

CONTROLLER INTERFACE 

RX Output RX is the serial receive data 

after decoding. 

RENA Output This signal indicates that data 
is available to the controller on 
the RX output. 

RCLK Output This is the receive data clock 
recovered from incoming data 
on the RD pin. 

TX Input This is the serial data to be 

transmitted. It is clocked into 
the chip by TCLK. 

TENA Input This signal indicates that data 
is valid on the TX input. It goes 
active with the first bit of trans- 
mission. 

TCLK Output This is the transmit data clock. 
All transmit interface signals 
are synchronized to this clock. 
This clock is always active. 

CLSN Output This signal is asserted when a 
Manchester violation is de- 
tected on the RD line or when 
the external collision input 
(ECLSN) goes active. It is also 
asserted if either of the timers 
expire. It is deasserted when 
line idle is detected on the RD 
line and TENA goes inactive. 

TRANSCEIVER INTERFACE 

XD Output Transmit data output. 

XEN Output Transmit output enable. This 

signal goes low to signal XD 
active. It goes high at the end 
of transmission. NOTE : If 
ETDEN is active XD will re- 
main high for 2-bit times at the 
end of a frame and XEN will re- 
main low during this time. 

RD Input Receive data input. 

RC Input Receive carrier input. Receive 

carrier can be either a pulse 

Note : Compatibility with controller chips based on preliminary controller data sheets. 



stream or an active low signal 
to indicate carrier active. The 
chip contains internal squelch 
circuitry, as shown in figure 3, 
to convert a pulse signal to a 
level signal. 

External collision input. When 
this pin is held low for at least 
20nS an external collision is 
signaled. 



MISCELLANEOUS 

CMODE1, 

CMODE0 Inputs These two mode bits allow the 
chip to be used with a variety 
of controller chips. 

CMODE1 = 1 , CMODEO = 0(10) 82586/82588 (see 
note) 

Transmit data (TX) is sampled 
on the rising edge of TCLK. 

Receive data (RX) transitions 
on the rising edge of RCLK. 

TENA - active low 

RENA - active low - goes ac- 
tive when phase locked loop is 
locked 

CLSN - active low 



CMODE1 = 1 CMODEO = 
LANCE MK68590 



1 (11JSGS-THOMSON 



Transmit data (TX) is sampled 
on the falling edge of TCLK. 

Receive data (RX) transitions 
on the falling edge of RCLK. 

TENA - active high 

RENA - active high - goes ac- 
tive when receive carrier goes 
active 

CLSN - active high 

CMODE1 = CMODEO = (00) TEST Mode 

this mode is only useful for pro- 
duction testing. 
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CM0DE1 = CMODEO = 1 (01) SGS-THOMSON 
Variable Bit Rate LANCE MK5032 (see note) 

TEN A - active high 

RENA - active high - goes ac- 
tive when receive carrier goes 
active 

CLSN - active high 



DMANEN Input 



HBEN 



Input 



ETDEN Input 



AIEN 



Input 



ETEN 



Input 



WDTEN Input 



When this pin is low the chip 
encodes and decodes serial 
data using Differential Man- 
chester. When this pin is high 
it uses Manchester. 

When this pin is high the chip 
will signal CLSN after TENA is 
deasserted at the end of trans- 
mission. CLSN remains active 
until link idle is received on RD. 

When this pin is high the chip 
will recognize end-of-frame as 
specified in the StarLAN spe- 
cification. It will also ignore in- 
coming data on RD for 20 data 
bits after the end of a received 
frame. 

Auto Inversion Enable. If both 
frame recognition is enabled 
and Manchester is selected, 
then if AIEN is high the frame 
polarity is sensed and cor- 
rected if necessary, if AIEN is 
low, ETDEN is low, or 
DMANEN is low, then auto 
compensation for line reversal 
is disabled. 

When ETEN is high the echo 
timer is activated. The echo 
timer starts at the beginning of 
a transmitted frame. If a re- 
ceive carrier is not received 
with 51 TCLKS, then collision 
will be asserted. 

When WDTEN is high the 
watchdog timer is activated. 
The timer starts when TENA is 



LBACK Input 



RESET Input 



asserted. If TENA goes inac- 
tive before the timer expires, 
the timer is reset. If the timer 
expires, transmission is 
aborted and collision as- 
serted. 

When this pin is low the chip 
will be put into internal loop- 
back. The transmit data will be 
internally looped back into the 
input RD. The outputs XD and 
XEN will be held idle during 
loopback. 

When this pin is low the chip is 
in reset mode. All interface sig- 
nals will be inhibited except 
TCLK. RESET must remain 
active for at least three TCLK 
periods. 



XSELO, 










XSEL1 


Inputs 


These inputs select which fre- 
quency clock or crystal is to be 
connected to X1 and X2. 
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8X 
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10X 
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1 


6X 



X1,X2 Inputs 



Crystal oscillator inputs. A 
crystal can be connected be- 
tween these inputs, or a TTL 
level square wave can be con- 
nected to X1 while X2 is left un- 
connected. 



VCC 
GND 



Input +5V±10% 



Note : Compatibility with controller chips based on preliminary controller data sheets. 
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Figure 3 : Internal Versus External Squelch. 
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CIRCUIT DESCRIPTION 

TRANSMITTER Space data. The diagram below shows the two en- 

The transmitter encodes NRZ data from the control- coding schemes, 
ler chip into Manchester or Differential Manchester 
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Data encoding and transmission begin when the 
controller chip brings TENA active. The start of data 
encoding is delayed by two bits when in 
82586/82588 mode. TX data is sampled using 
TCLK as the clock. Data is encoded into Manches- 
ter or Differential Manchester Sp ace, as sh own 
above, depending upon the stat e of D MANEN. The 
encoded data is output on XD. XEN goes low with 
the first bit of data output o n XD. The transmit delay, 
delay from TENA active to XEN active, is less than 
1 .5 TCLKs. The controller chip signals end of data 
by bringing TENA inactive. The pin ETDEN controls 
how the MK5033 handles the end transmission. 

If ETDEN is high the MK5033 will add a delimiter to 
the data stream after the last bit is transmitted. In 
Manchester mode TX will be held high for 1 .5 TCLKs 
if the last data bit is a one and for 2 TCLK s if the last 
data bit is a zero. During this time XEN is held ac- 
tive. In Differential Manchester, TX is toggled after 
the la st data bit and held in that state for 2 TCLKs. 
XEN is acti ve du ring this time. After the delimiter has 
been sent, XEN is brought inactive. 

If ETDEN is low the MK5033 will not add any de- 
limiter to the data stream. XEN will be brought inac- 
tive after the last data bit has been output. 

RECEIVER 

The receiver consists of four major sections : 

1 ) Receive carrier squelch 

2) Internal loopback 

3) Digital phase locked loop 

4) Manchester/Differential Manchester decoder 

Depending on the state of DMANEN, the receiver 
decodes Manchester or Differential Manchester 
space data from pin RD into NRZ form. It also ex- 
tracts timing (RCLK) from the data. The NRZ data 
is output to the controller on pin RX. 

RECEIVE CARRIER SQUELCH 

The Receive carrier pin has internal squelch logic 
that allows the signal to be either a level signal or a 
pulse train. Receive carrier is active low. The receive 
carrier must be present for 3 clock samples to be 
considered a valid carrier. Once the carrier is con- 
sidered valid then it must be active for only one clock 



sample time every two bit times to remain valid, (see 
figure 3). 

LOOPBACK 



When loopback is enabled (LBACK low) RD and RC 
are ignored. Transmit data is internally looped back 
as re ceive data. The transmitter outputs XD and 
XEN are disabled during loopback. 

DIGITAL PHASE LOCKED LOOP (DPLL) 

The digital phase locked loop is implemented with a 
counter that clears on each transition of the receive 
data. The phase locked loop will declare "lock" after 
receiving data that has two "long transitions". A long 
transition occurs when the receive data does not 
change for at least 4/6 of a bit time in 6X mode (5/8 
in 8X, 7/10 in 10X, and 11/16 in 16X). The phase 
locked loop generates a clock frequency that is 2 
times the data rate. 

AUTOMATIC COMPENSATION FOR WIRING 
REVERSAL 

When installing twisted pair telephone wiring, it is 
often difficult and expensive to maintain proper po- 
larity on the wire pairs. The MK5033 will automati- 
cally compensate for this reversal. If Manchester 
coding is selected with both ETDEN = 1 and 
AIEN = 1 then any frame that is received with in- 
verse polarity will be detected and correct polarity 
established prior to data decoding. 

MANCHESTER/DIFFERENTIAL MANCHESTER 
DECODER 

The receive data (after inversion if enabled) is fed 
into the decoder along with the recovered 2x clock 
from the DPLL. The decoder changes the receive 
data to NRZ data. The NRZ data is output on RX. 
RENA signals the controller chip that data is avail- 
able, (see mode pin descriptions). RCLK is a 1x 
clock output that is synchronous with the data on 
RX. 

PROTECTION TIME 

After the end of a received frame the receiver is dis- 
abled for 20 bit times. This protection time guaran- 
tees immunity to spikes caused by transformer 
coupling after the end of frame. 
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COLLISION 

CLSN is an output to the controller chip that indi- 
cates a possible problem with the data. There are 
several sources of collision. 

1 ) Transitions too close together 

Collision is signaled if the receive data stream 
transitions a second time in less than 2/6 bit times 
in 6X mode (3/8 in 8X, 3/10 in 10X, and 5/16 in 
16X). 

2) Transitions too far apart 

Collision is signaled if the receive data stream 
does not transition again within 9/6 in 6X mode 
(1 0/8 in 8X, 1 2/1 in 1 0X, and 20/1 6 in 1 6X). 

3) Manchester violation 

If the data violates Manchester or Differential 
Manchester coding rules, depending on 
DMANEN, then collision is signaled. 

4) Watchdog timer 

If the watchdog timer expires, then collision will 
be signaled, if WDTEN is high. 

5) Echo timer 

If the echo timer expires, then collision will be sig- 
naled, if ETEN is high. 

6) External collision 

If the external collision pin (ECLSN) goes low for 
at least 20ns, then collision will be signaled. 

7) Receive carrier lost during transmission 

If the MK5033 is transmitting and the receive car- 
rier goes active and then inactive before it is 
through transmitting, then collision is signaled. 

8) Heartbeat 

Heartbeat is enabled when HBEN is high. If it is 
enabled, then collision will be signaled 8 TCLKs 
after TENA goes away, and collision will remain 
active for at least 8 TCLKs. 

Once CLSN is activated it remains active until both 
TENA and RENA go inactive. The exception to this 
is heartbeat. If heartbeat signals collision, then col- 



lision is guaranteed to remain for 8 TCLKs or until 
TENA or RENA go inactive, whichever is longer. 

WATCHDOG TIMER 

When enabled, the watchdog timer ensures that the 
MK5033 will not transmit for more than 101K bit 
times. The timer is enabled by bringing WDTEN high 
and disabled by bringing WDTEN low. If WDTEN is 
high, the timer is activated when TXEN goes active. 
The timer resets when TXEN goes inactive. If TXEN 
remains active for more than 101 K bit times, then 
the timer w ill tim e out causing collision to be as- 
serted and XEN to go inactive. If loopback is en- 
abled, watchdog timeout will occur after 325 bit 
times. This permits run time testing of the watchdog 
timer. 

ECHO TIMER 

When the echo timer is enabled the MK5033 ex- 
pects the data that it is transmitting to be received 
on RD within 510 bit times. The echo timer is acti- 
vated when TXEN goes active. If 510 bit times 
elapse before RENA goes active, then the timer will 
time out causing collision to be activated. 

Oscillator 

The MK5033 wilUccept two forms of clock input : a 
CMOS input or a crystal. If pin X2 is left uncon- 
nected, a 6.0/8.0/1 0.0/1 6.0MHz ± 0.01% CMOS 
clock may be applied to pin X1 . Alternately, a crys- 
tal circuit may be connected between X1 and X2 to 
form the basis of an oscillator. Typically, a 
6.0/8.0/10.0/16.0 ± 0.005% parallel resonant crys- 
tal is needed to insure the ± 0.01 % frequency accu- 
racy required for StarLAN. Refer to figure 4. A 
fundamental mode, parallel resonance type crystal 
should be used with the manufacturer's suggested 
load capacitance. 

Reset Input 

The reset pin is an active low Schmidt trigger input. 
A simple RC network may be used to insure correct 
operation upon power-up. Refer to fig. 5. 
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Figure 4 : Oscillator Operation. 
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Figure 5 : Typical RC Connection for Power-On Reset. 




ELECTRICAL SPECIFICATIONS 

This chapter provides tabular presentations for Ab- 
solute Maximum Ratings, DC Characteristics, Ca- 
pacitance and AC Timing Specifications. In addition, 



illustrations are provided for an Output Load Diag- 
ram (figure 9) and Station Timing Diagrams. 



ABSOLUTE MAXIMUM RATINGS 





Parameter 


Value 


Unit 




Temperature under Bias 


-25to + 100 


°C 




Storage Temperature 


-65to + 150 


°C 




Voltage on any Pin with Respect to Ground 


- 0.5 to V C c + 0.5 


V 




Power Dissipation (no load) 


50 


mW 



Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other condition above those indicated in the operational sections of the specifica- 
tion is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 
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CAPACITANCE :F=1MHz 



Symbol 


Test Conditions 


Min. 


Max. 


Unit 


C|N 






10 


pf 


CoUT 






10 


pf 


Cio 






20 


pf 



AC TIMING SPECIFICATIONS 

T A = 0°Cto 70°C, V cc = + 5V, ± 5% unless otherwise specified, V TH = 2.0V,V TL = 0.8V 



# 


Signal 


Symbol 


Parameter 


Min. 
ns 


Typ. 
ns 


Max. 
ns 


1 


X1 


Txu 


X1 Period 


62 






2 


X1 


Txil 


X1 Low Time 


24 






3 


X1 


Txih 


X1 High Time 


24 






4 


X1 


Txir 


Rise Time of X1 







8 


5 


X1 


Txif 


Fall Time of X1 







8 


6 


XEN 


TxEN 


XEN Delay from X1 




40 


65 


7 


XD 


Txd 


XD Delay from X1 




40 


65 


8 


XD 


JxD 


Transmit Jitter I T X d T - T X d l \ +2 




4 


6 


9 


TCLK 


TdK 


TCLK Delay from X1 






70 


10 


TX 


Ttxsti 


TX Setup to Falling Edge of TCLK, CMODE = 1 


90 






11 


TX 


Ttxhti 


TX Hold from Falling Edge of TCLK, CMODE = 1 


15 






12 


TX 


Ttxs 


TX Setup to X1 


15 






13 


TX 


Ttxh 


TX Hold from X1 


15 






14 


TENA 


Ttnasti 


TENA Setup to Falling Edge of TCLK, CMODE = 1 


90 






15 


TENA 


Ttnasti 


TENA Hold from Falling Edge of TCLK, CMODE = 1 


15 






16 


TENA 


Ttenas 


TENA Setup to X1 


15 






17 


TENA 


Ttenah 


TENA Hold from X1 


15 






18 


TX 


Ttxsto 


TX Setup to Rising Edge of TCLK, CMODE = 


90 






19 


TX 


Ttxhto 


TX Hold from Rising Edge of TCLK, CMODE = 


15 






20 


TX 


Ttxs 


TX Setup to X1, CMODE =0 


15 






21 


TX 


Ttxh 


TX Hold from X1 , CMODE = 


15 






22 


TENA 


Ttnasto 


TENA Setup to Positive Edge of TCLK, CMODE = 


90 






23 


TENA 


Ttnahto 


TENA Hold from Positive Edge of TCLK, CMODE = 


15 






24 


TENA 


Ttnas 


TENA Setup to X1, CMODE = 


15 






25 


TENA 


Ttnah 


TENA Hold from X1, CMODE = 


15 
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AC TIMING SPECIFICATIONS (continued) 


# 


Signal 


Symbol 


Parameter 


Min. 
ns 


Typ. 
ns 


Max. 
ns 


26 


CLSN 


TcLSN 


CLSN Delay from X1 






70 


27 


ECLSN 


T ECLSN 


Minimum Detected Pulse Width 




5 


20 


28 


RC 


Trcs 


RC Setup to X1 


15 






29 


RC 


Trch 


RC Hold from X1 


15 






30 


RD 


Trds 


RD Setup to X1 


15 






31 


RD 


Trdh 


RD Hold from X1 


15 






32 


RD 


JRD6 


RD Incoming Jitter Tolerance, 

6X Mode, X1 = 6MHz, T X u - I T RDS T - T RDS i I 




165 


161 


33 


RD 


JrD8 


RD Incoming Jitter Tolerance, 

8X Mode, X1 = 8MHz, T X i t - I T RDS T - T RDS i I 




123 


119 


34 


RD 


Jrdio 


RD Incoming Jitter Tolerance, 

10X Mode, X1 = 10MHz, T X n - I T RDS T - T RD s I I 




198 


194 


35 


RD 


JrD16 


RD Incoming Jitter Tolerance, 

16X Mode, X1 = 16MHz, T X n - I T RDS T - T RDS i \ 




186 


182 


36 


RCLK 


Trclk 


RCLK Delay from X1, CMODE = 1 




40 


65 


37 


TX 


Trxrcki 


RX Delay from Falling RCLK, CMODE = 1 


-30 




30 


38 


RX 


Trx 


RX Delay from X1 , CMODE = 1 




40 


65 


39 


RENA 


Trnarcki 


RENA Delay from Falling RCLK, CMODE = 1 


-30 




30 


40 


RENA 


Trena 


RENA Delay from X1, CMODE = 1 




45 


65 


41 


CLSN 


Tcsnrcki 


CLSN Delay from Falling Edge RCLK, CMODE = 1 


-30 




30 


42 


CLSN 


TdSN 


CLSN Delay from X1, CMODE = 1 






70 


43 


RCLK 


Trclko 


RCLK Delay from X1, CMODE - 




40 


65 


44 


RCLK 


Prclk 


RCLK Pulse Width, CMODE = 


Txn-20 




Txn+20 


45 


RCLK 


Trxclk 


RCLK Delay from RX Stable, CMODE = 


Txit-20 






46 


RX 


Tclkrx 


RX Hold from Falling Edge of RCLK, CMODE = 


2*T X it-20 






47 


RCLK 


Trnaclk 


RCLK Delay from RENA Stable, CMODE = 


Txu-20 






48 


RENA 


TdKRNA 


RENA Hold from Falling Edge of RCLK, CMODE = 


2*T X it-20 






49 


RCLK 


TcSNCLK 


Rising RCLK Delay from CLSN Stable, CMODE = 


2*T X it-20 






50 


CLSN 


TdKCSN 


CLSN Delay from Rising Edge of RCLK, CMODE = 


Txit-20 
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Figure 6 : External X1 Timing Diagram. 




Figure 7 : Transmit Timing Diagram. 
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Figure 8 : Receiver Timing Diagram. 
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Figure 9 : Output Load Diagram. 
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PACKAGE MECHANICAL DATA 
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PACKAGE MECHANICAL DATA (continued) 
28-Pin Ceramic - MK5033P 




14/14 



98 



/=7 SCS THOMSON 



Si 



SCS-THOMSON 



MK5035N 



StarLAN ENCODER DECODER 



CONFORMS WITH STARLAN SPECIFICA- 
TION 

SUPPORTS MULTI-POINT EXTENSION 
AUTO COMPENSATION FOR LINE REVER- 
SAL 

COMPATIBLE WITH MK5032 VLANCE AND 
INTEL 82586/82588 

CLOSE PIN COMPATIBILITY WITH SEEQ8023 
DATA RATES TO 2.66Mbps SUPPORTED 
MANCHESTER DATA ENCODING/DECODING 
COLLISION DETECTION CIRCUITRY WITH 
THE FOLLOWING FEATURES : 

- detects missing mid-bit transitions 

- transitions too close together 

- transitions too far apart 

- external collision input pin 

- carrier dropout 

- watchdog timer 

- AT&T release 1 collision presence signal 

- echo timeout 

RECEIVE END-OF-FRAME DETECTION 

- input protection at end-of -frame 
LOOPBACK CAPABILITY 

RECEIVE CARRIER AUTOMATICALLY CON- 
VERTED TO A LEVEL SIGNAL 
ECHO TIMER TO SIGNAL ERROR IF TRANS- 
MITTED FRAME IS NOT RECEIVED 
HEARTBEAT GENERATION 
IN 82586 MODE, INSENSITIVE TO EXTRA 
BITS AHEAD OF PREAMBLE 
DIGITAL PHASE-LOCKED LOOP 
ON CHIP CRYSTAL OSCILLATOR, 8X OR 6X 
OPERATION 
CMOS TECHNOLOGY 
20-PIN DIP 

SINGLE 5-VOLT SUPPLY 
ALL INPUTS 
AND OUTPUTS TTL COMPATIBLE* 



Figure 1 : MK5035 Pin Assignment. 
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GESSSERAL DESCRIPTION 

The MK5035 is a Manchester Encoder/Decoder 
chip incorporating several features that make it an 
ideal StarLAN station chip. The MK5035 performs 
three functions. It encodes data from a controller 
chip into Manchester data. It decodes Manchester 
data from the line transceiver and produces NRZ 
data and clock for the controller chip. It also detects 
collisions and signals the controller chip that a colli- 
sion has occurred. 

The MK5035 has several enhancements for Star- 
LAN and Multi-Point extension (MPE) StarLAN. 
These include auto compensation for wiring rever- 
sal, echo timer, external collision detect, watchdog 
timer, and heartbeat, among others. 



* Crystal inputs have CMOS thresholds. 
July 1989 
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PIN DESCRIPTION 

CONTROLLER INTERFACE 



RX Output 

RENA Output 

RCLK Output 

TX Input 

TENA Input 

TCLK Output 

CLSN Output 



RX is the serial receive data 
after decoding. 

This signal indicates that data 
is available to the controller on 
the RX output. 

RCLK is the receive data clock 
recovered from the incoming 
data RD. 

TX is the serial data to be 
transmitted. It is clocked into 
the chip by TCLK. 

This signal indicates that data 
is valid on the TX input. It goes 
active with the first bit of trans- 
mission. 

TCLK is the transmit data 
clock. All transmit interface 
signals are synchronized to 
this clock. 

This signal is asserted when a 
manchester violation is de- 
tected on the RD line or when 
t he exte rnal collision input 
(ECLSN) goes active. 



TRANSCEIVER INTERFACE 

XD Output Encoded transmit data output. 

XEN Output Transmit output enable. This 
signal goes low to indicate XD 
active. It goes high at the end 
of transmission. 



RD 
RC 



Input 
Input 



ECLSN Input 



OTHER PINS 
CMODE Input 



Encoded receive data input. 

Receive carrier input. Receive 
carrier can be either a pulse 
stream or an active low signal 
to indicate carrier active. The 
chip contains internal squelch 
circuitry, as shown in figure 3, 
to convert a pulse signal to a 
level signal. 

External collision input. When 
this pin is held low for at least 
20nS, an external collision is 
signaled. 



Intel controllers : 

CMODE = 0, 82586/82588 (see note) 

Transmit data (TX) is sampled 
on the rising edge of TCLK. 
Receive data (RX) transitions 
on the rising edge of RCLK. 

TENA - active low 

RENA - active low - goes ac- 
tive when phase lock 
loop is locked. 

CLSN - active low 

CMODE = 1, SGS-THOMSON VLANCE MK5032 

Transmit data (TX) is sampled 
on the falling edge of TCLK. 
Receive data (RX) transitions 
on the falling edge of RCLK. 

TENA- active high 

RENA - active high - goes ac- 
tive when phase lock 
loop is locked. 

CLSN - active high 

When this input is low the part 
will be put into internal loop- 
back. The transmit data will be 
internally looped back as re- 
ceive data. See f igure 2. The 
outputs XD and XEN will be 
held inactive during loopback. 

When this pin is low the chip is 
in reset mode. All interface sig- 
nals w ill be in hibited except 
TCLK. RESET should remain 
active for three TCLK periods. 

This input selects the clock 
divider. 

If XSEL = 0, it is 8X. 

If XSEL = 1, it is6X. 

Crystal oscillator inputs. A 
crystal can be connected be- 
tween these inputs, or a 
CMOS level square wave can 
be connected to X1 while X2 is 
left unconnected. 

+ 5V ± 5% 



LBACK Input 



RESET Input 



XSEL Input 



X1,X2 Inputs 



VCC 
GND 



Input 



This input allows the part to be 
used with either Mostek or 

Note : Compatible with controller chips based on preliminary controller data sheets. 
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Figure 2 : StarLAN Encoder Decoder. MK5035. 
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Figure 3 : Internal Versus External Time Squelch. 
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CIRCUIT DESCRIPTION 

TRANSMITTER ler chip into the Manchester data. The diagram 

The transmitter encodes NRZ data from the control- below shows the two encoding schemes. 
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Data encoding and transmission begin when the 
controller chip brings TENA active. The start of data 
encoding is delayed by two bits when in 
82586/82588 mode. Tx is sampled using TCL K as 
the clock. The encoded data is output on XD. XEN 
goes low with the first bit of data output on XD. T he 
transmit delay, delay from TENA active to XEN ac- 
tive, is less than 1 .5 TCLKs. The controller chip sig- 
nals end of data by bringing TENA inactive. 

XD will be held high for an additional 1 .5 TCLKs if 
the last data bit is a one, and for 2 TCLK s if the last 
data bit is a zero. During this time XEN is held ac- 
tive. 

RECEIVER 

The receiver consists of four major sections. 

1) Receive carrier squelch 

2) Internal loopback 

3) Digital phase locked loop 

4) Manchester decoder 

The receiver takes Manchester data in on RD, when 
receive carrier (RC) is active, and decodes the data 
into NRZ data and also produces clock (RCLK) from 
the data. The NRZ data is output to the controller on 
RX. 

RECEIVE CARRIER SQUELCH 

The Receive carrier pin has internal squelch logic 
that allows the signal to be either a level signal or a 
pulse train. Receive carrier is active low. The receive 
carrier must be present for 3 clock samples to be 
considered a valid carrier. Once the carrier is con- 
sidered valid then it must be active for only one clock 
sample time every two bit times to remain valid, (see 
figure 3). 

Automatic Compensation For Wiring Reversal 

When installing twisted pair telephone wiring, it is 
often difficult and expensive to maintain proper po- 
larity on the wire pairs. The MK5035 will automati- 
cally compensate for this reversal. Any frame that is 
received with inverse polarity will be detected and 
decoded with the correct polarity. 

LOOPBACK 



When loopback is enabled (LBACK low), RD and 
RC are ignored. Transmit data is internally looped 



bac k as receive data. The transmitter outputs XD 
and XEN are disabled during loopback. 

DIGITAL PHASE LOCKED LOOP (DPLL) 

The digital phase locked loop is implemented with a 
counter that clears on each transition of the receive 
data. The phase locked loop will declare "lock" after 
receiving data that has two "long transitions". A long 
transition occurs when the receive data does not 
change for at least 4/6 (5/8 in 8X mode) of a bit time. 

MANCHESTER DECODER 

The receive data (after inversion if needed) is fed 
into the decoder along with the recovered 2X clock 
from the DPLL. The decoder changes the receive 
data to NRZ data. The NRZ data is output on TX. 
RENA signals the controller chip that data is avail- 
able, (see mode pin descriptions). RCLK is a 1X 
clock output that is synchronous with the data on 
RX. 

PROTECTION TIME 

After the end of a received frame the receiver is dis- 
abled for 20 bit times. This protection time guaran- 
tees immunity to spikes caused by transformer 
coupling after the end of frame. 

COLLISION 

CLSN is an output to the controller chip that indi- 
cates a possible problem with the data. There are 
several sources of collision. 

1 ) Transitions too close together 

Collision is signaled if the receive data stream 
transitions a second time in less than 2/6 (3/8 in 
8X mode) bit times. 

2) Transitions too far apart 

Collision is signaled if the receive data stream 
does not transition again within 9/6 (10/8 in 8X 
mode) bit times. 

3) Manchester violation 

If the data violates Manchester coding rules, then 
collision is signaled. 

A Manchester violation is a missing mid-bit tran- 
sition. 

4) Watchdog timer 

If the watchdog timer expires, then collision will 
be signaled. 
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5) Echo timer 

If the echo timer expires without receive carrier 
going active, then collision will be signaled. 

6) External collision 

If the external collision pin (ECLSN) goes low for 
at least 20ns, then collision will be signaled. 

7) Receive carrier lost during transmission 

If the MK5035 is transmitting and the receive car- 
rier goes active and then inactive before it is 
through transmitting, then collision is signaled. 

8) Heartbeat 

Collision, as a result of heartbeat, will be signaled 8 
TCLKs after TENA goes away, and collision will re- 
main active for at least 8 TCLKs. 

Once CLSN is activated it remains active until both 
TENA and RENA go inactive. The exception to this 
is heartbeat. If heartbeat signals collision, then col- 
lision is guaranteed to remain for 8 TCLKs. 

WATCHDOG TIMER 

The watchdog timer ensures that the MK5035 will 
not transmit for more than 1 01 K bit times. The timer 
is started when TXEN goes active. The timer resets 
when TXEN goes inactive. If TXEN remains active 
for more than 1 01 K bit times, then the tim erwiSI time- 
out causing collision to be asserted and XEN to go 
inactive. If loopback is enabled, watchdog timeout 

Figure 4 : Oscillator Operation. 



will occur after 325 bit times. This particular timer 
value allow StarLAN HUBs to activate their own jab- 
ber functions, thereby alerting net management. 

ECHO TIMER 

When the echo timer is enabled the MK5035 ex- 
pects the data that it is transmitting to be received 
on RC/RD within 510 bit times. The echo timer is ac- 
tivated when TXEN goes active. If 510 bit times 
elapse before RENA goes active, then the timer will 
time out causing collision to be activated. 

Oscillator 

The MK5035 will accept two forms of clock input : a 
CMOS input or a crystal. If pin X2 is left uncon- 
nected, a 6.0/8.0MHz ± 0.01 % CMOS clock may be 
applied to pin X1 . Alternately, a crystal circuit may 
be connected between X1 and X2 to form the basis 
of an oscillator. Typically, a 6.0/8.0 ± 0.005% paral- 
lel resonant crystal is needed to insure the ± 0.01% 
frequency accuracy required for StarLAN. Refer to 
figure 4. A fundamental mode, parallel resonance 
type crystal should be used with the manufacturer's 
suggested load capacitance. 

Reset Input 

The reset pin is an active low Schmidt trigger input. 
A simple RC network may be used to insure correct 
operation upon power-up. Refer to fig. 5. 
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Figure 5 : Typical RC Connection for Power-On Reset. 




ELECTRICAL SPECIFICATIONS 

This chapter provides tabular presentations for Ab- 
solute Maximum Ratings, DC Characteristics, Ca- 
pacitance and AC Timing Specifications. In addition, 



illustrations are provided for an Output Load Diag- 
ram (figure 9) and Station Timing Diagrams. 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Paramter 


Valy© 


Oust 


t a 


Temperature Under Bias 


-25 to +100 


•c 


T stg 


Storage Temperature 


-65 to +150 


°c 


V| 


Voltage on any Pin with Respect to Ground 


-0.5 to V cc +0.5 


V 


P D 


Power Dissipation (no load) 


50 


mW 



Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other condition above those indicated in the operational sections of the specifica- 
tion is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

DC CHARACTERISTICS (T A = 0°C to 70° C, V cc - + 5V ± 5% unless otherwise specified) 



Symbol 


Test conditions 


Msn. 


Max. 


Units 


V, L 




-0.5 


+ 0.8 


V 


V|H 


Except X1 


+ 2.0 


V cc + 0.5 


V 


V|H 


X1 


+ 3.5 


V cc + 0.5 


V 


Vol 


@ | 0L = 3.2mA, except X2 




+ 0.5 


V 


Voh 


@ ! 0H = - 0.4mA, except X2 


+ 2.4 




V 


Voh 


@ l 0H = - 40uA except X2 


+ 3.2 




V 


IlL 


@ V| N = 0.4 to V cc 




± 10 


uA 


be 






8 


mA 



CAPACITANCE :F=1MHz 



Symbol 


Conditions 


gtfin. 


Max. 


Units 


C|N 






10 


Pf 


Cqut 






10 


pf 


Cio 






20 


Pf 
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AC TIMING SPECIFICATIONS 

(T A = 0°C to 70°C, V cc = + 5V ± 5% unless otherwise specified, V TH = 2.0V, V TL = 0.8V) 


# 


Signal 


Symbol 


Parameter 


Min. 
ns 


Typ. 
ns 


Max. 
ns 


1 


X1 


Txu 


X1 period 


62 






2 


X1 


Txil 


X1 low time 


24 






3 


X1 


Txih 


X1 high time 


24 






4 


X1 


T X1R 


Rise time of X1 







8 


5 


X1 


Tx-if 


Fall time of X1 







8 


6 


XER 


Txiisi 


XER delay from X1 




40 


65 


7 


XD 


Txd 


XD delay from X1 




40 


65 


8 


XD 


4<D 


Transmit jitter |T XD T - T X d^ I + 2 




4 


6 


9 


TCLK 


TdK 


TCLK delay from X1 






70 


10 


TX 


Ttxsti 


TX setup to falling edge of TCLK, CMODE = 1 


90 






11 


TX 


Ttxhti 


TX hold from falling edge of TCLK, CMODE = 1 


15 






12 


TX 


t txs 


TX setup to X1 


15 






13 


TX 


Ttxh 


TX hold from X1 


15 






14 


TENA 


Ttnasti 


TENA setup to falling edge of TCLK, CMODE = 1 


90 






15 


TENA 


Ttnasti 


TENA hold from falling edge of TCLK, CMODE = 1 


15 






16 


TENA 


Ttenas 


TENA setup to X1 


15 






17 


TENA 


Ttenah 


TENA hold from X1 


15 






18 


TX 


Ttxsto 


TX setup to rising edge of TCLK, CMODE = 


90 






19 


TX 


Ttxsto 


TX hold to rising edge of TCLK, CMODE = 


15 






20 


TX 


Ttxs 


TX setup to X1, CMODE = 


15 






21 


TX 


Ttxh 


TX hold from X1, CMODE = 1 


15 






22 


TENA 


t tnasto 


TENA setup to positive edge of TCLK, CMODE = 


90 






23 


TENA 


Ttnahto 


TENA hold to positive edge of TCLK, CMODE = 


15 






24 


TENA 


Ttnas 


TENA setup to X1 , CMODE = 


15 






25 


TENA 


Ttnah 


TENA hold from X1, cmode = 


15 






26 


CLSN 


Tclsn 


CLSN delay from X1 






70 


27 


ECLSN 


Teclsn 


Minimum detected pulse width 




5 


20 


28 


m 


Trcs 


RC setup to X1 


15 






29 


EC 


Trch 


EC hold from X1 


15 
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AC TIMING SPECIFICATIONS (continued) 



# 


Signal 


Symbol 


Parameter 


Min. 
ns 


Typ. 
ns 


Max. 
ns 


30 


RD 


Trch 


RD setup to X1 


15 






31 


RD 


Trds 


RD hold from X1 


15 






32 


RD 


JRD6 


RD Incoming Jitter Tolerance, 

6X mode, X1 = 6MHz, T X i T - |T RDS T - T RDS i| 




165 


161 


33 


RD 


JRD8 


RD Incoming Jitter Tolerance, 

8X mode, X1 = 8MHz, T X1T - |T RDS T - T RDS i\ 




123 


119 


34 


RCLK 


Trclk 


RCLK delay from X1 , CMODE = 1 




40 


65 


35 


TX 


Trxrcki 


RX delay from falling RCLK, CMODE = 1 


-30 




30 


36 


RX 


Trx 


RX delay from X1 , CMODE =1 




40 


65 


37 


RENA 


Trnarcki 


RENA delay from falling RCLK, CMODE =1 


-30 




30 


38 


RENA 


Trena 


RENA delay from X1 , CMODE =1 




45 


65 


39 


CLSN 


TcSNRCKI 


CLSN delay from falling edge RCLK, CMODE = 1 


-30 




30 


40 


CLSN 


T CLSN 


CLSN delay from X1 , CMODE = 1 






70 


41 


RCLK 


Trclko 


RCLK delay from X1 , CMODE = 




40 


65 


42 


RCLK 


Prclk 


RCLK pulse width, CMODE = 


Txit 20 




T x1T +20 


43 


RCLK 


Trxclk 


RCLK delay from RX stable, CMODE = 


Txir- 20 






44 


RX 


TdKRX 


RX hold from falling edge of RCLK, CMODE = 


2*T x1l -20 






45 


RCLK 


Trnaclk 


RCLK delay from RENA stable, CMODE = 


Txit- 20 






46 


RENA 


^CLKRNA 


RENA hold from falling edge of RCLK, CMODE = 


2*T x1T -20 






47 


RCLK 


TcSNCLK 


Rising RCLK delay from CLSN stable, CMODE = 


2*T x1T -20 






48 


CLSN 


TdKCSN 


CLSN delay from rising edge of RCLK, CMODE = 


Txit-20 







Figure 6 : External X1 Timing Diagram. 
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Figure 7 : Transmit Timing Diagram. 
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Figure 8 : Receiver Timing Diagram. 
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Figure 9 : Output Load Diagram. 
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PACKAGE DESCRIPTION 

20 Pin Plastic - MK5035N 
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MANCHESTER/STARLAN 
ENCODER DECODER 



COMPATIBLE WITH STARLAN SPECS 
MANCHESTER DATA ENCODING/DECODING 
SUPPORTS MULTI-POINT EXTENSION 
AUTO COMPENSATION FOR LINE REVER- 
SAL 

COMPATIBLE WITH MOSTEK MK5032 VARI- 
ABLE BIT RATE LANCE AND INTEL 
82586/82588 

DATA RATES TO 2.66Mbps SUPPORTED 
COLLISION DETECTION CIRCUITRY WITH 
THE FOLLOWING FEATURES : 
_ detects missing mid-bit transitions 
_. transitions too close together 
_ transitions too far apart 
_ external collision input pin 
_ carrier dropout 
_ watchdog timer 

- AT&T release 1 collision presence signal 
_ echo timeout 

RECEIVE END-OF-FRAME DETECTION 
_ input protection at end-of-frame 
LOOPBACK CAPABILITY 
RECEIVE CARRIER AUTOMATICALLY CON- 
VERTED TO A LEVEL SIGNAL 
ECHO TIMER TO SIGNAL ERROR IF TRANS- 
MITTED FRAME IS NOT RECEIVED 
HEARTBEAT GENERATION 
IN 82586 MODE, INSENSITIVE TO EXTRA 
BITS AHEAD OF PREAMBLE 
ON CHIP CRYSTAL OSCILLATOR, 8X OR 1 0X 
OPERATION 
CMOS TECHNOLOGY 
20-PIN DIP 

SINGLE 5- VOLT SUPPLY 
ALL INPUTS AND OUTPUTS TTL COM- 
PATIBLE* 
OUTPUTS ARE ALSO CMOS COMPATIBLE 



Figure 1 : MK50351 Pin 
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DESCRIPTION 

The MK50351 is a Manchester Encoder/Decoder 
chip incorporating several features that make it an 
ideal StarLAN station chip. The MK50351 performs 
three functions. It encodes data from a controller 
chip into Manchester data. It decodes Manchester 
data from the line transceiver and produces NRZ 
data and clock for the controller chip. It also detects 
collisions and signals the controller chip that a colli- 
sion has occurred. 

The MK50351 has several enhancements for Star- 
LAN and Multi-Point extension (MPE) StarLAN. 
These include auto compensation for wiring rever- 
sal, echo timer, external collision detect, watchdog 
timer, and heartbeat, among others. 



* Crystal inputs have CMOS thresholds. 
July 1989 
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RENA Output 



RCLK Output 



TX 



Input 



TENA Input 



TCLK Output 



CLSN Output 



PIN DESCRIPTIONS : 

CONTROLLER INTERFACE 

RX Output RX is the serial receive data 

after decoding. 

This signal indicates that data 
is available to the controller on 
the RX output. 

RCLK is the receive data clock 
recovered from the incoming 
data RD. 

TX is the serial data to be 
transmitted. It is clocked into 
the chip by TCLK. 

This signal indicates that data 
is valid on the TX input. It goes 
active with the first bit of trans- 
mission. 

TCLK is the transmit data 
clock. All transmit interface 
signals are synchronized to 
this clock. 

This signal is asserted when a 
manchester violation is de- 
tected on the RD line or when 
t he exte rnal collision input 
(ECLSN) goes active. 

TRANSCEIVER INTERFACE 

XD Output Encoded transmit data output. 

Transmit output enable. This 
signal goes low to indicate XD 
active. It goes high at the end 
of transmission. 

Encoded receive data input. 

Receive carrier input. Receive 
carrier can be either a pulse 
stream or an active low signal 
to indicate carrier active. The 
chip contains internal squelch 
circuitry, as shown in figure 3, 
to convert a pulse signal to a 
level signal. 

External collision input. When 
this pin is held low for at least 
20nS, an external collision is 
signaled. 



XEN Output 



RD 
RC 



Input 
Input 



ECLSN Input 



CMODE 
MK5032 



OTHER PINS 

CMODE Input This input allows the part to be 

used with either Mostek or 
Intel controllers : 

CMODE = 0, 82586/82588 (see note) 

Transmit data (TX) is sampled 
on the rising edge of TCLK. 
Receive data (RX) transitions 
on the rising edge of RCLK. 

TENA - active low 

RENA - active low - goes ac- 
tive when phase lock 
loop is locked. 

CLSN - active low 

1, MOSTEK Variable Bit Rate LANCE 

TENA - active high 

RENA - active high - goes ac- 
tive when phase lock 
loop is locked. 

CLSN - active high 

LBACK Input When this input is low the part 

will be put into internal loop- 
back. The transmit data will be 
internally looped back as re- 
ceive data. See f igure 2.. The 
outputs XD and XEN will be 
held inactive during loopback. 

RESET Input When this pin is low the chip is 

in reset mode. All interface sig- 
nals w ill be in hibited except 
TCLK. RESET should remain 
active for three TCLK periods. 

XSEL Input This input selects the clock 

divider. 



If XSEL = 
If XSEL = 



0, it is 8X. 

1 , it is 1 0X. 



X1,X2 Inputs 



VCC 
GND 



Input 



Crystal oscillator inputs. A 
crystal can be connected be- 
tween these inputs, or a 
CMOS level square wave can 
be connected to X1 while X2 is 
left unconnected. 

+ 5V ± 5% 



Note : Compatibility with controller chips based on preliminary controller data sheets. 
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Figure 2 : StarLAN Encoder Decoder. MK50351 . 
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Figure 3 : Internal Versus External Time Squelch. 
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CIRCUIT DESCRIPTION 

TRANSMITTER ler chip into the Manchester data. The diagram 

The transmitter encodes NRZ data from the control- below shows the two encoding schemes. 
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Data encoding and transmission begin when the 
controller chip brings TENA active. The start of data 
encoding is delayed by two bits when in 
82586/82588 mode. TX is sampled using TC LK as 
the clock. The encoded data is output on XD. XEN 
goes low with the first bit of data output on XD. T he 
transmit delay, delay from TENA active to XEN ac- 
tive, is less than 2 TCLKs. The controller chip sig- 
nals end of data by bringing TENA inactive. 

XD will be held high for an additional 1 .5 TCLKs if 
the last data bit is a one, and for 2 TCLK s if the last 
data bit is a zero. During this time XEN is held ac- 
tive. 

RECEIVER 

The receiver consists of four major sections. 

1 ) Receive carrier squelch 

2) Internal loopback 

3) Digital phase locked loop 

4) Manchester decoder 

The receiver takes Manchester data in on RD, when 
receive carrier (RC) is active, and decodes the data 
into NRZ data and also produces clock (RCLK) from 
the data. The NRZ data is output to the controller on 
RX. 

RECEIVE CARRIER SQUELCH 

The Receive carrier pin has internal squelch logic that 
allows the signal to be either a level signal or a pulse 
train. Receive carrier is active low. The receive carrier 
must be present for 3 clock samples to be considered 
a valid carrier. Once the carrier is considered valid 
then it must be active for only one clock sample time 
every two bit times to remain valid, (see figure 3). 

Automatic Compensation For Wiring Reversal 

When installing twisted pair telephone wiring, it is 
often difficult and expensive to maintain proper po- 
larity on the wire pairs. The MK50351 will automati- 
cally compensate for this reversal. Any frame that is 
received with inverse polarity will be detected and 
decoded with the correct polarity. 

LOOPBACK 



When loopback is enabled (LBACK low), RD and 
RC are ignored. Transmit data is internally looped 
bac k as r eceive data. The transmitter outputs XD 
and XEN are disabled during loopback. 

DIGITAL PHASE LOCKED LOOP (DPLL) 

The digital phase locked loop is implemented with a 
counter that clears on each transition of the receive 
data. The phase locked loop will declare lock" after 
receiving data that has two "long transitions". A long 



transition occurs when the receive data does not 
change for at least 5/8 (7/1 in 1 0X mode) of a bit time. 

MANCHESTER DECODER 

The receive data (after inversion if needed) is fed into 
the decoder along with the recovered 2X clock from 
the DPLL. The decoder changes the receive data to 
NRZ data. The NRZ data is output on RX. RENA sig- 
nals the controller chip that data is available. (See 
mode pin descriptions). RCLK is a 1 X clock output that 
is synchronous with the data on RX. 

PROTECTION TIME 

After the end of a received frame the receiver is dis- 
abled for 20 bit times. This protection time guaran- 
tees immunity to spikes caused by transformer 
coupling after the end of frame. 

COLLISION 

CLSN is an output to the controller chip that indi- 
cates a possible problem with the data. There are 
several sources of collision. 

1 ) Transitions too close together 

Collision is signaled if the receive data stream 
transitions a second time in less than 3/8 (3/1 in 
1 0X mode) bit times. 

2) Transitions too far apart 

Collision is signaled if the receive data stream 
does not transition again within 10/8 (12/10 in 
10X mode) bit times. 

3) Manchester violation 

If the data violates Manchester coding rules, then 
collision is signaled. 

A Manchester violation is a missing mid-bit tran- 
sition. 

4) Watchdog timer 

If the watchdog timer expires, then collision will 
be signaled. 

5) Echo timer 

If the echo timer expires without receive carrier 
going active, then collision will be signaled. 

6) External collision 



If the external collision pin (ECLSN) goes low for 
at least 20ns, then collision will be signaled. 

7) Receive carrier lost during transmission 

If the MK50351 is transmitting and the receive 
carrier goes active and then inactive before it is 
through transmitting, then collision is signaled. 

8) Heartbeat 

Collision, as a result of heartbeat, will be signaled 
8 TCLKs after TENA goes away, and collision will 
remain active for at least 8 TCLKs. 
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Once CLSN is activated it remains active until both 
TENA and RENA go inactive. The exception to this 
is heartbeat. If heartbeat signals collision, then col- 
lision is guaranteed to remain for 8 TCLKs. 

WATCHDOG TIMER 

The watchdog timer ensures that the MK50351 will 
not transmit for more than 1 01 K bit times. The timer 
is started when TENA goes active. The timer resets 
when TENA goes inactive. If TENA remains active 
for more than 1 01 K bit times, then the tim erwill time- 
out causing collision to be asserted and XEN to go 
inactive. If loopback is enabled, watchdog timeout 
will occur after 325 bit times. This particular timer 
value allow StarLAN HUBs to activate their own jab- 
ber functions, thereby alerting net management. 

ECHO TIMER 

The MK50351 expects the data that it is transmit- 
ting to be received on RC/RD within 510 bit times. 
The echo timer is activated when TENA goes ac- 

Figure 4 : Oscillator Operation. 



tive. If 510 bit times elapse before RENA goes ac- 
tive, then the timer will time out causing collision to 
be activated. 

Oscillator 

The MK50351 will accept two forms of clock input : 
a CMOS input or a crystal. If pin X2 is left uncon- 
nected, a 8.0/1 0.0MHz ± 0.01% CMOS clock may 
be applied to pin X1 . Alternately, a crystal circuit may 
be connected between X1 and X2 to form the basis 
of an oscillator. Typically, a 8.0/10.0 ± 0.005% par- 
allel resonant crystal is needed to insure the 
± 0.01% frequency accuracy required for StarLAN. 
Refer to figure 4. A fundamental mode, parallel res- 
onance type crystal should be used with the manu- 
facturer's suggested load capacitance. 

Reset Input 

The reset pin is an active low Schmidt trigger input. 
A simple RC network may be used to insure correct 
operation upon power-up. Refer to fig. 5. 



A) EXTERNAL CLOCK 
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LEVEL 
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B) CRYSTAL OPERATION 
47pf 
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10.0 1 
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XI 



X2 



Figure 5 : Typical RC Connection for Power-On Reset. 
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ELECTRICAL SPECIFICATIONS 

This chapter provides tabular presentations for Ab- 
solute Maximum Ratings, DC Characteristics, Ca- 
pacitance and AC Timing Specifications. In addition, 



illustrations are provided for an Output Load Diag- 
ram (figure 9) and Station Timing Diagrams. 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Value 


Unit 


T A 


Temperature under Bias 


-25to + 100 


°C 


T stg 


Storage Temperature 


-65to + 150 


°C 


V| 


Voltage on any Pin with Respect to Ground 


- 0.5 to V CC + 0.5 


V 


P D 


Power Dissipation (no load) 


50 


mW 



Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other condition above those indicated in the operational sections of the specifica- 
tion is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

DC CHARACTERISTICS 

T A = 0°Cto 70°C, V cc = + 5V ± 5% unless otherwise specified 



Symbol 


Test Conditions 


Min. 


Max. 


Unit 


V|L 




-0.5 


+ 0.8 


V 


V, H 


Except X1 


+ 2.0 


Vcc + 0.5 


V 


V, H 


X1 


+ 3.5 


V C c + 0.5 


V 


Vol 


@ Iol = 3.2mA, Except X2 




+ 0.5 


V 


Voh 


@ Ioh =- 0.4mA, Except X2 


+ 2.4 




V 


V 0H 


@ | 0H =- 40uA, Except X2 


+ 3.2 




V 


IlL 


@ Vim = 0.4 to V C c 




±10 


HA 


Ice 






8 


mA 



CAPACITANCE 

F=1MHz 



Symbol 


Test Conditions 


Min. 


Max. 


Unit 


C|N 






10 


pf 


CoUT 






10 


pf 


Cio 






20 


pf 
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AC TIMING SPECIFICATIONS 

T A = 0°Cto 70°C, V cc = + 5V ± 5% unless otherwise specified, V TH = 2.0V, V TL = 0.8V 



# 


Signal 


Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


1 


X1 


Txn 


X1 Period 


62 






ns 


2 


X1 


Txu 


X1 Low Time 


24 






ns 


3 


X1 


Txih 


X1 High Time 


24 






ns 


4 


X1 


Txir 


Rise Time of X1 







8 


ns 


5 


X1 


Txif 


Fall Time of X1 







8 


ns 


6 


XEN 


TxEN 


XEN Delay from X1 




40 


65 


ns 


7 


XD 


Txd 


XD Delay from X1 




40 


65 


ns 


8 


XD 


JXD 


Transmit Jitter I Txd T - Txd I I •*• 2 




4 


6 


ns 


9 


TCLK 


TdK 


TCLK Delay from X1 






70 


ns 


10 


TX 


Ttxsti 


TX Setup to Falling Edge of TCLK, CMODE = 1 


90 






ns 


11 


TX 


Ttxhti 


TX Hold from Falling Edge of TCLK, CMODE = 1 


15 






ns 


12 


TX 


Ttxs 


TX Setup to X1 


15 






ns 


13 


TX 


Ttxh 


TX Hold from X1 


15 






ns 


14 


TENA 


Ttnasti 


TENA Setup to Falling Edge of TCLK, CMODE = 1 


90 






ns 


15 


TENA 


Ttnasti 


TENA Hold from Falling Edge of TCLK, CMODE = 1 


15 






ns 


16 


TENA 


Ttenas 


TENA Setup to X1 


15 






ns 


17 


TENA 


Ttenah 


TENA Hold from X1 


15 






ns 


18 


TX 


Ttxsto 


TX Setup to Rising Edge of TCLK, CMODE = 


90 






ns 


19 


TX 


Ttxhto 


TX Hold from Rising Edge of TCLK, CMODE = 


15 






ns 


20 


TX 


Ttxs 


TX Setup to X1 , CMODE = 


15 






ns 


21 


TX 


Ttxh 


TX Hold from X1, CMODE = 


15 






ns 


22 


TENA 


Ttnasto 


TENA Setup to Positive Edge of TCLK, CMODE = 


90 






ns 


23 


TENA 


Ttnahto 


TENA Hold from Positive Edge of TCLK, CMODE=0 


15 






ns 


24 


TENA 


Ttnas 


TENA Setup to X1, CMODE = 


15 






ns 


25 


TENA 


Ttnah 


TENA Hold from X1, CMODE = 


15 






ns 


26 


CLSN 


TcLSN 


CLSN Delay from X1 






70 


ns 


27 


ECLSN 


Teclsn 


Minimum Detected Pulse Width 




5 


20 


ns 


28 


RC 


Trcs 


RC Setup to X1 


15 






ns 


29 


RC 


Trch 


RC Hold from X1 


15 






ns 


30 


RD 


Trds 


RD Setup to X1 


15 






ns 


31 


RD 


Trdh 


RD Hold from X1 


15 






ns 


32 


RD 


JrD6 


RD Incoming Jitter Tolerance, 

8X Mode, X1 = 8MHz, T X it-I T RDS T - T RDS I I 




123 


119 


ns 


33 


RD 


JRD8 


RD Incoming Jitter Tolerance, 

10XMode, X1 = 10MHz, Txit-I Trds t - Trds i\ 




198 


194 


ns 


34 


RCLK 


Trclk 


RCLK Delay from X1, CMODE = 1 




40 


65 


ns 


35 


TX 


Trxrcki 


RX Delay from Falling RCLK, CMODE = 1 


-30 




30 


ns 


36 


RX 


Trx 


RX Delay from X1, CMODE = 1 




40 


65 


ns 


37 


RENA 


Trnarcki 


RENA Delay from Falling RCLK, CMODE = 1 


-30 




30 


ns 


38 


RENA 


Trena 


RENA Delay from X1 , CMODE = 1 




45 


65 


ns 


39 


CLSN 


Tcsnrcki 


CLSN Delay from Falling Edge RCLK, CMODE = 1 


-30 




30 


ns 
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AC TIMING SPECIFICATIONS (continued) 



# 


Signal 


Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


40 


CLSN 


TdSN 


CLSN Delay from X1, CMODE = 1 






70 


ns 


41 


RCLK 


Trclko 


RCLK Delay from X1, CMODE = 




40 


65 


ns 


42 


RCLK 


Prclk 


RCLK Pulse Width, CMODE = 


Txu-20 




Txu+20 


ns 


43 


RCLK 


Trxclk 


RCLK Delay from RX Stable, CMODE = 


Txit-20 






ns 


44 


RX 


TCLKRX 


RX Hold from Falling Edge of RCLK, CMODE = 


2*T X it-20 






ns 


45 


RCLK 


Trnaclk 


RCLK Delay from RENA Stable, CMODE = 


Txu-20 






ns 


46 


RENA 


TcLKRNA 


RENA Hold from Falling Edge of RCLK, CMODE = 


2*T X it-20 






ns 


47 


RCLK 


TcSNCLK 


Rising RCLK Delay from CLSN Stable, CMODE = 


2*T X it-20 






ns 


48 


CLSN 


TcLKCSN 


CLSN Delay from Rising Edge of RCLK, CMODE = 


Txu-20 






ns 



Figure 6 : External X1 Timing Diagram. 
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Figure 7 : Transmit Timing Diagram. 
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Figure 8 : Receiver Timing Diagram. 
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Figure 9 : Output Load Diagram. 



FROM ALL OUTPUTS O- 
UNOERTEST 



TEST 
POINT 

9 



© 



CR, 



Q 



R, = 1.2K 




Cl = 50pF MM @ 1 MHz 



CR 1 -CR 4 = 1N914 OR 
EQUIVALENT 



PACKAGE DESCRIPTION 

20 Pin Plastic -MK50351N 



ft A A A. 


.A A A h 


= 


11 20 

.970 

* MAX * 



.120 
.140 



rf 




Tfo 




■045 
.076 



.018 
.021 



_9 EQUAL SPACES 
@.100 



.020 
.040 



.120 

MIN. 



.240 
".280" 



\ 



U-. 350 +.060— *i 



r* 



Note : Overall length includes .010 flash on either end of package. 
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SERIAL INTERFACE ADAPTER (SIA) 



■ COMPATIBLE WITH ETHERNET AND IEEE- 
802.3 SPECIFICATIONS 

. CRYSTAL-CONTROLLED MANCHESTER EN- 
CODER/DECODER 

■ MANCHESTER DECODER ACQUIRES 
CLOCK AND DATA WITHIN SIX-BIT TIMES 
WITH AN ACCURACY OF ± 3NS 

■ GUARANTEED CARRIER AND COLLISION 
DETECTION SQUELCH THRESHOLD LIMITS 

- carrier/collision detected for inputs more ne- 
gative than - 275mV 

- no carrier/collision for inputs more positive 
than-175mV 

. INPUT SIGNAL CONDITIONING REJECTS 
TRANSIENT NOISE 

- transients < 1 0ns for collision detector inputs 

- transients < 20ns for carrier detector inputs 

. RECEIVER DECODES MANCHESTER DATA 
WITH UP TO ± 20NS CLOCK JITTER (at 
10MHz) 

. TTL COMPATIBLE HOST INTERFACE 

■ TRANSMIT OSCILLATOR ACCURACY 
± 0.01% (without adjustments) 

DESCRIPTION 

The MK68592 Serial Interface Adapter (SIA) is a 
Manchester Encoder/Decoder compatible with 
Ethernet and IEEE-802.3 specifications. In an 
Ethernet/I EEE-802.3 application, the MK68592 in- 
terfaces the MK5032 Variable Bit Rate Local Area 

Figure 2 : Typical Ethernet Node. 



Figure 1 : Pin Assignments. 
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Network Controller for Ethernet (VLANCE) to the 
Ethernet transceiver cable, acquires clock and data 
within 6 bit-times and decodes Manchester data up 
to ± 20ns phase jitter at 1 0MHz. SIA provides both 
guaranteed signal threshold limits and transient 
noise suppression circuitry in both data and collision 
paths to minimize false start conditions. 
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Figure 3: MK68592 Block Diagram. 
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PIN DESCRIPTION 

CLSN Collision (output). A TTL active high 

output. Signals at the Collision ± termi- 
nals meeting threshold and pulse width 
requirements will produce a logic high 
at CLSN output. When no signal is 
present at Collision ±, CLSN output will 
be low. 

RX Receive Data (output). A MOS/TTL 

output, recovered data. Whe n there is 
no signal at Receive ± and TEST is 
high, RX is high. RX is actuated with 
RCLK and remains activated until end 
of message. During reception, RX is 
synchronous with RCLK and changes 
after the rising edge of RCLK. 

RENA Receive Enable (output). A TTL active 

high output. W hen the re is no signal at 
Receive ± and TEST is high, RENA is 
low. Signals at Receive ± meeting thre- 
shold and pulse width requirements will 
produce a logic high at RENA. When 
Receive ± becomes idle, RENA returns 



to the low state synchronous with the 
rising edge of RC! K. 

RCLK Receive Clock (output). A MOS/TTL 

output recovered clock. Whe n there is 
no signal at Receive ± and TEST is 
high, RCLK is low. RCLK is activated 
after the third negative data transition 
at Receive ±, and remai ns acti ve until 
end of message. When TEST is low, 
RCLK is enabled. 

TX Transmit (input). TTL compatible 

input. When TENA is high, signals atTX 
meeting setup and hold time to TLCK 
will be encoded as normal Manchester 
at Transmit + and Transmit -. 

TX High : Transmit + is negative with 
respect to Transmit - for first 
half of data bit cell. 

TX Low : Transmit + is positive with re- 
spect to Transmit - for first 
half of data bit cell. 
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PIN DESCRIPTION 

TEN A Transmit Enable (input). TTL com- 

patible input. Active high data encoder 
enable. Signals meeting setup and hold 
time to TCLK allow encoding of Man- 
chester data from TX to Transmit + and 
Transmit -. 

TCLK Transmit Clock (output). MOS/TTL 

output. TCLK provides symmetrical 
high and low clock signals at data rate 
for reference timing of data to be en- 
coded . It also provides clock signals for 
the controller chip (MK68590VLANCE) 
and an internal timing reference for re- 
ceive path voltage controlled oscilla- 
tors. 

Transmit + Transmit (outputs). A differential line 
Transmit - output. This line pair is intended to 
operate into terminated transmission 
lines. For signals meeting setup and 
hold time to TCLK at TENA and TX 
Manchester clock and data are out- 
putted at Transmit +/Transmit -. When 
operating into a 78Q. terminated trans- 
mission line, signalling meetings the re- 
quired output levels and skew for both 
Ethernet and IEEE-802.3 drop cables. 

Receive + Receiver (inputs). A differential input. 

Receive - A pair of internally biased line receivers 
consisting of a carrier detect receiver 
with offset threshold and noise filtering 
to detect the signal, and a data recovery 
receiver with no offset for Manchester 
data decoding. 

Collision + Collision (inputs). A differential input. 
Collision - An internally biased line receiver input 

with offset threshold and noise filtering. 

Signals at Collision ± have no effect on 

data path functions. 

TSEL Transmit Mode Select. An open col- 

lector output and sense amplifier input. 

TSEL Low : Idle transmit state Trans- 
mit + is positive with re- 
spect to Transmit -. 

TSEL High : Idle transmit state Trans- 
mit + and Transmit - are 
equal, providing "zero" dif- 
ferential to operate trans- 
former coupled loads. 

* Non-Retum-to-Zero. 



When connected with an RC network, 
TSEL is held low during transmission. 
At the end of transmission, the open 
collector output is disabled, allowing 
TSEL to rise and provide a smooth 
transmission from logic high to "zero" 
differential idle. Delay and output return 
to zero are externally controlled by the 
RC time constant TSEL. 

Xi,X2 Biased Crystal Oscillator. Xi is the 

input and X2 is the bypass port. When 
connected for crystal operation, the 
system clock which appears at TCLK is 
half the frequency of the crystal oscilla- 
tor. X1 may be driven from an external 
source of two times the data rate. 

RF Frequency Setting Voltage Con- 

trolled Oscillator (Vco) Loop Filter. 

This loop filter output is a reference volt- 
age for the receive path phase detec- 
tor. It also is a reference for timing noise 
immunity circuits in the collision and re- 
ceive enable path. Nominal reference 
Vco gain is 1.25 TCLK frequency 
MHz/V. 

PF Receive Path Vco Phase Lock Loop 

Filter. This loop filter input is the con- 
trol for receive path loop damping. Fre- 
quency of the receive Vco is internally 
limited to transmit frequency ±12%. 
Nominal receive Vco gain is 0.25 ref- 
erence Vco gain MHz/V. 

TEST Test Control (input). A static input that 

is connected to Vcc for normal 
MK68591 /2 operation and to ground for 
testing of receive path function. When 
TEST is grounded, RCLK and RX are 
enabled so that receive path loop may 
be functionally tested. 

GND1 High Current Ground 

GND2 Logic Ground 

GND3 Voltage Controlled Oscillator 

Ground 

Vcci High Current and Logic Supply 

Vcc2 Voltage Controlled Oscillator Sup- 

ply 
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FUNCTIONAL DESCRIPTION 

The MK68592 Serial Interface Adapter (SIA) has 
three basic functions. It is a Manchester En- 
coder/line driver in the transmit path, a Manchester 
Decoder with noise filtering and quick lock-on char- 
acteristics in the receive path, and a signal de- 
tect/converter (10MHz differential to TTL) in the 
collision path. In addition, the SIA provides the in- 
terface between the TTL logic environment of 
VLANCE and the differential signaling environment 
in the transceiver cable. 

TRANSMIT PATH 

The transmit section encodes separate clock and 
NRZ* data input signals meeting the set up and hold 
time to TCLK at TENA and TX, into a standard Man- 
chester II serial bit stream. The transmit outputs 
(Transmit +/ Transmit -) are designed to operate 
into terminated transmission lines. When operating 
into a 78Q terminated transmission line, signaling 
meets the required output levels and skew for both 
Ethernet and IEEE-802.3. 

Transmitter Timing and Operation. A 20MHz fun- 
damental mode crystal oscillator provides the basic 
timing reference in the SIA. It is divided by two to 
create the transmit clock reference (TCLK). Both 
20MHz and 1 0MHz clocks are fed into the Manches- 
ter Encoder to generate the transitions in the en- 
coded data stream. The 10MHz clock, TCLK, is 
used by the SIA to internally synchronize transmit 
data (TX) and transmit enable (TENA). TCLK is also 
used as a stable bit-rate clock by the receive sec- 
tion of the SIA and by other devices in the system 
(the MK5032 VLANCE uses TCLK to drive its inter- 
nal state machine). The oscillator may use an exter- 
nal 0.005% crystal or an external TTL level input as 
a reference. Transmit accuracy of 0.01% is 
achieved (no external adjustments are required). 

TENA is activated when the first bit of data is made 
available on TX. As long as TENA remains high, sig- 
nals at TX will be encoded as Manchester and will 

Figure 4 : Transmit Section. 
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appear at Transmit + and Transmit -. When TENA 
goes low, the differential transmit outputs go to one 
of the two idle states defined below : 

- TSEL High : The idle state of Transmit +/ Trans- 
mit - yields "zero" differential to operate transfor- 
mer coupled loads (see figure 14a). 

- TSEL Low : In this idle state, Transmit + is posi- 
tive to Transmit - logical high (see figure 14b). 

RECEIVE PATH 

The principle function of the receiver is the separ- 
ation of the Manchester encoded data stream into 
clock and NRZ data. 

Input Signal Conditioning. Before the data and 
clock can be separated, it must be determined 
whether there is "real" data or unwanted noise at the 
transceiver interface. The MK68591/2 SIA carrier 
detection receiver provides a static noise margin of 

- 175 to - 275mV for received carrier detection. 
These DC thresholds assure that no signal more 
positive than - 1 75mV is ever decoded and that sig- 
nals more negative than - 275mV are always 
decoded. Transient noise of less than 1 0ns duration 
in the collision path and 20ns duration in the data 
path are also rejected. 

This signal conditioning prevents unwanted idle 
noise on the transceiver cable from causing "false 
starts" in the receiver. This helps assure a valid re- 
sponse to "real" data. 

The receiver section, shown in figure 6, consists of 
two data paths. The receive data path is designed 
to be a zero threshold, high bandwidth receiver. The 
carrier detection receiver has an additional bias gen- 
erator. Only data amplitudes larger than the bias 
level are interpreted as valid data. The noise rejec- 
tion filter prevents noise transients of less than 20ns 
from enabling the data receiver output. The collision 
detector similarly rejects noise transients of less 
than 10ns. 

Figure 5 : Receiver. 
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Receiver Section Timing. Receive Enable (RENA) 
is the "carrier present" indication established when 
a signal of sufficient amplitude (Vidc) and duration 
(tRpwR) is present at the receive inputs. Receive 
Clock (RCLK) and Receive Data (RX) become avail- 
able after the third negative data transition at Re- 
ceive +/ Receive - inputs, and stay active until the 
end of a packet. During reception, RX is synchron- 
ous with RCLK, changing after the rising edge of 
RCLK. 

The receiver detects the end of a packet when the 
normal transition on the differential inputs cease. 
After the last low-to-high transition, RENA goes low 
and RCLK completes one last cycle, storing the last 
data bit. It then becomes and remains low (s ee Re- 
ceive End of Packet Timing diagrams). When TEST 
is low, RCLK continues to run, tracking data (if avail- 
able) or synchronize with TCLK. 

Receive Clock Control. To insure quick capture of 
incoming data, the receiver phase-locked-loop is 
frequency locked to the transmit oscillator and it 
phase locks to incoming data edges. Clock and data 

Figure 6 : Receiver Section Detail. 



are available within 6 bit times (accurate to within 
± 3ns). The SI A will decode jittered data of up to 
± 20ns (see figure 7). 

Differential I/O Terminations. The differential input 
for the Manchester data (receive ±) is externally ter- 
minated by two 40.2Q ± 1% resistors and one op- 
tional common mode bypass capacitor. The 
differential input impedance Zidf and the common 
mode input Zicm are specified so that the Ethernet 
specification for cable termination impedance is met 
using standard 1% resistor terminators. The Colli- 
sion ± differential input is terminated in exactly the 
same way as the receive input (see figure 8). 

Collision Detection. The Ethernet Transceiver de- 
tects collisions on the Ethernet and generates a 
10MHz signal on the transceiver cable (Collision +/ 
Collision -). This collision signal passes through an 
input stage which assures signal levels and pulse 
duration. When the signal is detected by the SIA, 
the SIA sets the CLSN line high. This condition con- 
tinues for approximately 1 90ns after the last low-to- 
high transition on Collision +/ Collision -. 
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Figure 7 : Maximum Jitter Impact on Sampling. 
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Figure 8 : MK68592 External Component Diagram. 
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Notes : 1 . Connect Ri, R2, C1 for differential nontransmit. Connect to ground for logic 1 differential nontransmit. 

2. Pin 20 shown for normal device operation. 

3. Nodes A and B may be connected directly to ground for proper decoder operations, or to the common mode bypass C4 
and C5. Some direct coupled transceivers require C4 and C5 to ground for proper operation. 
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Figure 9 : Transmit Mode Select (TSEL) Connection. 
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ABSOLUTE MAXIMUM RATINGS* 



Symbol 


Parameter 


Value 


Unit 


T stg 


Storage Temperature 


- 65 to + 1 50 


°C 


T A 


Temperature (ambient) under Bias 


0to70 


°C 


v s 


Supply Voltage to Ground Potential Continuous 


+ 7.0 


V 




DC Voltage applied to Outputs for High Output State 


- 0.5 + V C c Max 






DC Input Voltage (logic inputs) 


+ 5.5 


V 




DC Input Voltage (receive/collision) 


- 6 to + 6 


V 




Transmit ± Output Current 


- 50 to + 5 


mA 




DC Output Current, into Outputs 


100 


mA 




DC Input Current (logic inputs) 


±30 


mA 



* Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other condition above those indicated in the operational sections of this spe- 
cification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 
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DC ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE. The following conditions 

apply unless otherwise specified : 

T A = to 70°C, V cc = 5.0V ± 10%, MIN = 4.5V, MAX = 5.5V, period of crystal oscillator (T 0S c) = 50ns. 



Symbol 


Parameter 


Test Conditions 


Min. 


Typ. 


Max. 


Unit 


VoH 


Output High Voltage RX, RENA, CLSN, 
TCLK, RCLK 


Ioh =- 1.0mA 


2.4 


3.4 




V 


Vol 


Output Low Voltage RCLK, TCLK, 
RENA, RX, CLSN, TSEL 


Iol = 16mA, 




0.36 


0.5 


V 


Iol = 1mA 




0.25 


0.4 


Vod 


Differential Output Voltage 
(Transmit +) - (Transmit -) 


V 


Rl = 78Q 
Figure 19 


550 


670 


770 


mV 


V 


-550 


-670 


-770 


VoDOFF 


Transmit Differential Output Idle Voltage 


R L = 78ft Figure 19 
Tsel =HIGH 


-20 


0.5 


20 


mV 


lODOFF 


Transmit Differential Output Idle Current 


-0.5 


±0.1 


0.5 


mA 


VcMT 


Common Mode Output Transmit 
Voltage 


Figure 19 
R L = 78ft 





2.5 


5 


V 


VoDI 


Differential Output Voltage Imbalance 
(Transmit!) | |V |-|V | | 




5 


20 


mV 


V|H 


Input High Voltage TTL 




2.0 






V 


llH 


Input High Current TTL 


Vcc = Max, V| N = 2.7V 






+ 50 


HA 


V,L 


Input Low Voltage TTL 








0.8 


V 


IlL 


Input Low Current TTL 


Vcc = Max, V| N = 0.4V 




-270 


-400 


|nA 


V|RD 


Differential Input Threshold (rec data) 


Figure 20 


-25 





+ 25 


mV 


V|DC 


Differential Input Threshold 
(carrier/collision ±) 


Figure 20 


-175 


-225 


-275 


mV 


Ice 


Power Supply Current 


tosc = 50ns 




125 


180 


mA 


tosc =50ns, T A = Max 






160 


V|B 


Input Breakdown Voltage V| = + 5.5 
(TX, TENA, TEST) 


h = 1mA 


5.5 






V 


V,c 


Input Clamp Voltage 


Iin =- 18mA 






-1.2 


V 


Isco 


RX, TCLK, CLSN, RENA, RCLK Short 
Circuit Current 




-40 


-80 


- 150 


mA 


RlDF 


Differential Input Resistance 


Vcc = to Max 


6 


8.4 


13 


kQ 


RlCM 


Common Mode Input Resistance 


Vcc = to Max 


1.5 


2.1 


7.5 


kft 


V|CM 


Receive and Collision Input Bias 
Voltage 


Iin =0 


1.5 


3.5 


4.2 


V 


IlLD 


Receive and Collision Input Low 
Current 


V, N =-1V 


-0.6 


- 1.06 


- 1.64 


mA 


llHD 


Receive and Collision Input High 
Current 


Vin = 6V 


+ 0.4 


+ 0.6 


+ 1.10 


mA 


I IHZ 


Receive and Collision Input High 
Current 


V C c = 0, Vin = + 6V 


0.4 


1.28 


1.86 


mA 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE. The following conditions apply 

unless otherwise specified : 

T A = to + 70°C, V cc = 5.0V ± 10%, MIN = 4.5V, MAX = 5.5V, T 0S c = 50ns 



RECEIVER SPECIFICATIONS 



# 


Signal 


Symbol 


Parameter 


Test Conditions 


Min. 


Typ. 


Max. 


Unit 


1 


RCLK 


tRCT 


RCLK Cycle Time 


C L =50pF 
Figure 17a 
(see note) 


85 


100 


118 


ns 


2 


RCLK 


tRCH 


RCLK High Time 


38 


50 




ns 


3 


RCLK 


tRCL 


RCLK Low Time 


38 


50 




ns 


4 


RCLK 


tRCR 


RCLK Rise Time 




2.5 


8 


ns 


5 


RCLK 


tRCF 


RCLK Fall Time 




2.5 


8 


ns 


6 


RX 


tRDR 


RX Rise Time 




2.5 


8 


ns 


7 


RX 


tRDF 


RX Fall Time 




2.5 


8 


ns 


8 


RX 


tRDH 


RX Hold Time 
(RCLK to RX change) 


5 


8 




ns 


9 


RX 


tRDS 


RX Prop Delay 
(RCLK to RX stable) 




8 


25 


ns 


10 


RENA 


tDPH 


RENA Turn-on 
Delay (V| D c Max on 
receive + to RENA H ) 


Figures 10, 16a, and 20 




50 


80 


ns 


11 


RENA 


tDPO 


RENA Turn-off 
Delay (Vidc Min on 
Receive + to RENA L ) 


Figures 1 1 and 20 




265 


300 


ns 


12 


RENA 


tDPL 


RENA Low Time 


Figure 11 


120 


200 




ns 


13 


Rec± 


tRPWR 


Receive ± Input Pulse 
Width to Reject 
(input < Vidc Min) 


Figures 16a and 20 




30 


20 


ns 


14 


Rec ± 


tRPWO 


Receive ± Input Pulse 
Width to Turn-on 
(input > VIDC Max) 


Figures 16a and 20 


45 


30 




ns 


15 


RCLK 


tRLT 


Decoder Acquisition Time 


FigureJO 




390 


450 


ns 



Note : Assumes equal capacitance loading on RCLK and RX. 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE (continued) 
COLLISION SPECIFICATION 



# 


Signal 


Symbol 


Parameter 


Test Conditions 


Min. 


Typ. 


Max. 


Unit 


16 


Coll ± 


tcPWR 


Collsion Input Pulse Width 

to Reject 

(input < Vidc Min) 


Figures 16b and 20 




18 


10 


ns 


17 


Coll ± 


tcpwo 


Collision Input Pulse 
Width to Turn-on 
(collision ± exceeds Vidc 
Max) 


26 


18 




ns 


18 


Colli 


tcPWE 


Collision Input to Turn-off 
CLSN (input < V| D c Max) 


80 


117 




ns 


19 


Coll ± 


tcPWN 


Collision Input to not 
Turn-off CLSN 
(input > Vidc Min) 




117 


160 


ns 


20 


CLSN 


tcPH 


CLSN Turn-on 
Delay (Vidc Max on 
collision ± to CLSN H ) 


Figures 15, 16b, and 20 




33 


50 


ns 


21 


CLSN 


tcpo 


CLSN Turn-off 
Delay (Vidc Min on 
collision ± to CLSN L ) 




133 


160 


ns 



TRANSMITTER SPECIFICATION 



# 


Signal 


Symbol 


Parameter 


Test Conditions 


Min. 


Typ. 


Max. 


Unit 


22 


TCLK 


tTCL 


TCLK Low Time 


tosc =50ns 
Figures 17b and 18 


45 


50 


55 


ns 


23 


TCLK 


tTCH 


TCLK High Time 


45 


50 


55 


ns 


24 


TCLK 


tTCR 


TCLK Rise Time 




2.5 


8 


ns 


25 


TCLK 


tTCF 


TCLK Fall Time 




2.5 


8 


ns 


26 


TX, 
TENA 


tTDS. 
tTES 


TX and TENA Setup Time 


Figures 13, 14a, 14b, 
and 17b 


5 


1.1 




ns 


27 


TX, 
TENA 


tTDH. 
tEH 


TX and TENA Hold Time 


5 


- 1.1 




ns 


28 


TX± 


tTOCE 


Transmit ± Output, (bit 
cell center to edge) 


Figures 14a, 14b, and 
19 


49.5 


50 


50.5 


ns 


29 


TCLK 


tOD 


TCLK high to Transmit ± 
Output 




80 


100 


ns 


30 


TX± 


tTO 


Transmit ± Output Rise 
Time 


20 through 80% 
Figure 19 




2 


4 


ns 


31 


TX + 


tTOF 


Transmit ± Output Fall 
Time 




2 


4 


ns 


32 


TX + 


VOD 


Undershoot Voltage at 
Zero Differential Point to 
Transmit Return to Zero 
(end of message) 


Figure 14a 






- 100 


mV 



Note : Assumes equal capacitance loading on RCLK and RX. 
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Figure 10 : Receiver Timing - Start of Packet. 
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* Pulse width of > 45ns is always recognized. However, pulse width of > 20ns is rejected. 

Figure 11 : Receiver Timing - End of Packet (last bit = 0). 
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Figure 12 : Receiver Timing - End of Packet (last bit = 1). 
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Figure 13 : Transmitter Timing - Start of Transmission (TSEL Low, TSEL High). 
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Figure 14a : Transmitter Timing - End of Transmission (TSEL High). 
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Figure 14b : Transmitter Timing - End of Transmission (TSEL Low). 
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Figure 15 : Collision Timing. 




* Pulse width of - 26ns is guaranteed to be recognized : however, pulse width of <1 Ons is rejected. 

Figure 16a : Receive ± Input Pulse Width Timing Figure 16b : Collision ± Input Pulse Width Timing. 
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Figure 17a : RCLK and RX Timing. 



Figure 17b : TCLK and TX Timing. 
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Figure 18 : Test Load for RX, RENA, and TCLK. Figure 19 : Transmit ± Output Test Circuit. 
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Figure 20 : Receive ± and Collision ± Input Test Circuit. 
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PACKAGE MECHANICAL DATA 

24-Pin Cerdip Hermetic Package (J) - MK68592 (300 mil) 
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APPLICATION NOTE 



CONVERTING TO THE MK5032 VLANCE 
FROM THE AM7990/MK68590 LANCE 



INTRODUCTION 

SGS-THOMSON Microelectronics currently pro- 
vides two LAN Controllers to meet system de- 
signers' needs. These two LAN Controllers are the 
MK5032 Variable Bit-Rate LANCE and the 
MK68590 LANCE™. SGS-THOMSON Microelec- 
tronics is in the process of converting all new 
MK68590 designs to MK5032 designs. This appli- 
cation brief will discuss the easy conversion from the 
M K68590 to the MK5032. Any future designs should 
use the MK5032 as the LAN Controller. 

THE LAN CONTROLLERS 

The MK5032 VLANCE and the MK68590 LANCE 
are IEEE 802.3 CSMA/CD LAN controllers de- 
signed to simplify the interfacing of a microcomputer 
or a minicomputer to a local area network. The 
MK5032 is fully compatible with Ethernet and Star- 
LAN. The MK68590 is fully compatible with the 
Ethernet specification. These devices are identical 
in every facet except the MK5032 is a true variable 
bit-rate controller. Therefore, a discussion of their 
clock and data rate operation is warranted. 

MK5032 CLOCK AND DATA RATE OPER- 
ATION 

The MK5032 VLANCE supports system clocks from 
1 to 1 0MHz and data rates from 1 to 1 0Mb/s. The big 
advantage of the MK5032 is that the data rate and 
system clock are independent. For example, the 
MK5032 can perform DMA transfers at 10MHz and 
transmit and receive data at 1 Mb/s. This is accom- 
plished because the MK5032 can divide the system 
clock rate to give the desired data rate. It has six 
divide-by modes - divide-by 1 , 2, 4, 6, 8, and 1 0. The 
divisor is selected by programming bits 1 - 07 in the 
mode register in the initialization block. Figure 1 
shows this 1 6-bit wide mode register. 



Figure 1 : Mode Register for MK5032. 



i 


JIM 


1 


8 


i 


9 


8 


1 


8 


8 


I 




1 


8 


p 


I I I 


R 


R 


R 


M 


I 


D 


C 


D 


L 


D 


D 


R 




A 


A 


A 


A 


N 


R 





T 





T 


R 





RES 


T 


T 


T 


N 


T 


T 


L 


C 


O 


X 


X 


M 


I I I 


2 


1 







L 


Y 


L 


R 


P 







The bits involved in selecting the divisor are bits 
10-07. Bits 10-08 are known as the 'RAT (rate) 
bits. Bit 07 is known as the MAN (Manchester) bit. 
Table 1 shows how to configure these 'RAT bits in 
order to select the desired divisor and thus desired 
data rate. For the MAN bit to be active, at least one 
of the 'RAT' Bits must be set to a '1 '. When the MAN 
bit is set and at least one 'RAT bit is set, the serial 
transmit data stream will be Manchester encoded 
data. (When using SGS-THOMSON Microelectro- 
nics Manchester encoder/decoders, the MAN bit 
should not be set). Consult the MK68590 Technical 
Manual for further details on the other bits in the 
mode register. 



Table 1 



Configuration of "RAT" Bits for Divisor 
Selection. 
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MK68590 CLOCK AND DATA RATE OPER- 
ATION 

The MK68590 LANCE has dependent system clock 
and data rate operation. The speed at which the 
LANCE transmits and receives data is the same 
speed at which it does DMA transfers. The LANCE 
supports system clock rates from 1 to 10MHz and 
data rates from 1 to 1 0Mb/s. Designed for Ethernet, 
the LANCE performs at optimum efficiency with a 
10MHz system clock and 10Mb/s data rate. In a 
StarLAN application, the LANCE performs DMA 
transfers at 1 MHz and transmits and receives data 
at 1 Mb/s. 

SIMPLICITY OF CONVERSION 

The mode register in the initialization block used for 
the MK68590 LANCE is shown in figure 2. It is ident- 
ical to the mode register shown in figure 1 except 
bits 1 - 07 are reserved like bits 14-11. Since the 
MK68590 Technical Manual dictates these bits be 
set to zero for normal operation, the MK5032 can 
be "plugged-in" for the MK68590 and the MK5032 
will be in Ethernet mode. Therefore, no software 
changes are necessary for the MK5032 in Ethernet 
mode given that the reserved bits have previously 
been written as '0's'. 



Figure 2 : Mode Register for MK68590. 
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CONCLUSION 

With the multi-faceted similarity between the 
MK5032 VLANCE and the MK68590 LANCE, con- 
version from the MK68590 to the MK5032 is easy. 
With the MK5032, designers have a true variable 
bit-rate LANCE. This versatility enables users to de- 
sign with one LAN controller to implement Ethernet 
or StarLAN. 
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1. INTRODUCTION 

The VLANCE™ Application Note describes the 
basic hardware and software needed to interface 
the MK5032 Variable Local Area Network Control- 
ler for Ethernet (VLANCE), to the 68000. It can be 
used as a "cookbook" for designing the basic hard- 
ware and software needed for a VLANCE-68000 in- 
terface, but is actually more useful as a design 
guide. 

This publication contains seven sections in addition 
to this introduction. Section two is the Ethernet 
Primer, which contains background material and 
basic concepts involved in Ethernet communication. 
Section three defines terms used throughout the Ap- 
plication Note. Section four is an overview of the 
Variable Local Area Network Controller for Ethernet 
(VLANCE) chip. Section five is the Ethernet Node 
overview, listing design requirements for an intelli- 
gent Ethernet node. It deals with the block level con- 
cepts of both hardware and software. Section six is 
the Hardware Description. It deals with the basic 
hardware requirements and includes both block di- 
agrams and schematics. Section seven describes 
the software used in the VLANCE-68000 interface. 
This section includes flowcharts, assembly code, 
and a step-by-step explanation of the software. The 
eighth and final section is a Assembly Code listing 
of the software needed for an intelligent Ethernet 
node. 

The VLANCE-68000 hardware and software were 
designed as simply as possible. The design incor- 



porates a minimum number of interface logic gates 
and no time multiplexing of devices. Structured as- 
sembly code with few subroutines and loops is used, 
making it easy to change and understand. The sche- 
matics and assembly code are presented in a for- 
mat that easily lends itself to a self-tutorial on an 
existing Ethernet interface design for users. The de- 
sign is intended to give users ideas on how to de- 
sign or how to improve present designs. But, if so 
desired, users can apply the information directly to 
quickly generate a basic working interface. 

This Application Note refers to many technical as- 
pects of the VLANCE but they are not fully ex- 
plained. For this reason, users should also study the 
MK5032 VLANCE Technical Manual. 

2. ETHERNET PRIMER 

Much debate and questioning as to the nature of ce- 
lestial bodies existed in the early days of science. 
These questions included : What type of material 
exists between the heavenly bodies ? If it is not a 
vacuum, how does light move across it ? The con- 
clusion agreed upon was that an Ether existed be- 
tween the planets and it was the medium light used 
to travel from the sun to the Earth. 

Xerox borrowed this terminology in their early 
stages of defining a local area network. Ether was 
the medium information would use to travel from one 
station to the next throughout the network specifica- 
tion. They called this network "Ethernet". 
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Ethernet was designed as a system for local com- 
munication between computing stations. A series of 
tapped coaxial cables between computing stations 
comprise a network that connects up to 1 024 differ- 
ent stations per network. In addition, a gateway in- 
terface may be used to connect each network to 
other networks. The computing stations may con- 
sist of personal computers, CAD workstations, file 
storage devices, magnetic tape backup stations, 
large central computers, printers, plotters or any de- 
vice that conforms to the Ethernet standard. 

The objective of Ethernet was to provide a communi- 
cation system that can grow with users' needs and 
accommodate several buildings in a local area. One 
of its purposes is to eliminate bottlenecks and relia- 
bility problems associated with a central controller. 

Ethernet provides for one, and only one, connection 
between any two points on the network. Since the 
Ether, or the common broadcast communication 
channel, is passive when an active node fails, only 
its operation is affected - not the entire system. 

Ethernet employs Carrier Sense Multiple Access 
with Collision Detect (CSMA/CD). The principle be- 
hind this operation is similar to human conversation. 
If several people are conversing while standing in a 
circle (assuming it is a non-controversial discussion 
between polite adults), only one person speaks at a 
time. When the first person finishes, someone else 
begins to speak and continues until he or she is also 
finished. If no one has anything else to say, silence 
falls over the group. 

The same is true for Ethernet. Each node listens 
until the network becomes silent. Then, if a mess- 
age needs to be transmitted the node broadcasts 
onto the Ether and the remaining nodes listen. 

The more people in the circle, and the more they 
have to say, the greater the chance that two or more 
people will begin speaking simultaneously. If this 
happens in normal conversation, all the participants 
who have started speaking will stop and whoever 
begins to speak first will be able to say what he has 
to say. Two or more people may occasionally begin 
speaking again at the same time, in which case, they 
will again stop talking and, hopefully, the more gra- 
cious member of the group will wait. When a person 
starts talking, no one else begins until that person 



finishes. Delays and collisions occur in Ethernet just 
as they do in normal conversation. Due to the pro- 
pagation delays encountered in the medium, a sta- 
tion may not sense network activity and begin 
transmitting. Once it begins, it keeps listening to the 
network ; if it detects a collision, it aborts the trans- 
mission and waits a certain amount of time deter- 
mined by a random number generator. 

In any given group of people, some are naturally tal- 
kers while others are listeners. If the conversation 
does not concern them, the listeners are less likely 
to pay attention. The same is true with Ethernet sta- 
tions. Some stations, such as personal computers, 
transmit much information and others, such as prin- 
ters, do much of the receiving. 

A particular station's Ethernet interface connects bit- 
serially through an interface to a transceiver that 
taps into the passive Ether. The Ethernet station, or 
node, broadcasts its message into the passive 
Ether, enabling all nodes on the network to hear it. 
All stations receive the message and determine if 
they are the desired destination. If the transmitting 
node's destination address matches that of the re- 
ceiving node, the packet is accepted and the station 
digests the data. If the address does not match, the 
receiving node rejects the packet. 

A station may use two addressing schemes when 
broadcasting. The first is the physical addressing 
scheme, whereby the transmitting station ad- 
dresses one, and only one unique destination sta- 
tion. As long as all stations on the network are not 
in the promiscuous mode, only one station accepts 
the message. 

The second addressing scheme uses a logical ad- 
dress. In this operation, stations receiving the mess- 
age must determine if they are one of possibly 
many, intended recipients. An example of logical ad- 
dressing is one in which all printers have the same 
logical address. If people want to send memos via 
the printers, they simply set the destination as the 
logical address - "printers". All printers on the net- 
work then see themselves as the destination and all 
accept the message. In addition, a station may set 
itself up in a promiscuous mode. In this mode, the 
station accepts all incoming messages, no matter 
what destination address the message has. 
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When Xerox defined Ethernet, their intent was to 
define a standard that all manufacturers who 
wanted access to the Ether, could use. They wanted 
to define a rigorous standard from the onset to avoid 
incompatibility. Universal acceptance of a standard 
is the very key to practical applications of local area 
networking. The International Standards Organiza- 
tion (ISO) has approved a layered protocol stand- 
Figure 1 : OSI Network Model. 



ard that specifies functions, as well as minimal rules 
for accessing these functions and for information ex- 
change between devices on the network. This 
seven-layer architecture logically groups functions 
and provides conventions for connecting functions 
between layers. The model, shown in figure 1 , is 
called the Open Systems Interconnection (OSI) net- 
work model. 
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The bottom three layers of the OSI model include 
the physical, data-link control, and network layers. 
Hardware is based on the actual definition of the two 
lower layers. Specifications in these layers include 
the transmission medium (Ether) and how the node 
must interface to the Ether. The physical and data- 
link control layers also specify how information 
should be formatted for error-free transmission and 
reception. Each layer supports another in hierarchial 
fashion. In other words, layer 1 serves layer 2, 
layer 2 serves layer 3 and so forth. The three bot- 
tom layers differ according to network architecture. 
The top three layers - session, presentation, and ap- 
plication - are the same for all networks. The trans- 
port layer is the interfacing layer between the top 
three and bottom three layers. 

The functions of each layer of the OSI model follow. 

Physical Layer : 

- Handle cables, connectors and components 

- Handle collision detection for CSMA/CD 

- Handle voltages and electrical pulses 

Data Link Control Layer : 

- Make sure data is not mistaken for flags 



- Add error checking algorithms 

- Insert flags to indicate beginning and end of 
messages 

- Provide access methods for local area net- 
works 

Network Layer : 

- Internetworking 

- Send control messages to peer layers about 
own status 

- Set up routes for packets to travel (virtual cir- 
cuit) 

- May disassemble transport messages into 
packets and reassemble them at their desti- 
nation 

- Flow control 

- Recognize message priorities and send 
messages in proper priority order 

- Address network machines on the route 
through which the packets travel 

Transport Layer : 

- Multiplex end-user addresses onto network 

- Monitor quality of service 

- End-to-end error detection and recovery 
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- Address end user machines without concern 
for route of message or address machines in 
route between end user machines 

- Possible disassemble and reassemble ses- 
sion messages 

- Map address to names 

Session Layer : 

- Send information from one task to another 

- Coordination and cooperation between end 
users tasks 

- Start and stop tasks 

- Dialog control 

- Recovery from communication problems dur- 
ing a session without losing data 

Presentation Layer : 

- Encoding and decoding 

- Data compaction 

- Syntax transformation for character sets, text 
string, data display formats, graphics, file or- 
ganization, datatypes 

Application Layer : 

- Log in 

- Password checks 

- Color control 

- Graphics procedures 

- Downline loading 

- Creation of charts and displays 

- File requests and file transfers 

- Remote job entry 

- Computer based message systems 

- Job minipulation 

- Virtual terminal service 

- Data-based queries, insertions, and deletions 

- User specific applications (e.g. editing, word 
processing, electronic funds transfer, airline 
reservation, and transaction processing) 

The VLANCE, together with the SIA, Transceiver, 
and Coaxial cable satisfy the specifications in the 
bottom two layers of the ISO model. By adding the 
software shown in this Application Note, layers 1 , 2, 
and 3a can be satisfied. 

3. DEFINITION OF TERMS 

DMA Capability : The ability to directly access 
memory or memory-mapped I/O. This includes 
reading, writing, and control signal generation. 

Peripheral : A processing unit attached to the sys- 
tem bus which handles part of the processing load. 

Bus Master : A CPU or DMA device that has gained 
control of the system bus. It can initiate data trans- 
fers on the bus by issuing an address and by driv- 
ing the read/write, address strobe, and data strobe 
control signals. 



Bus Slave : A device that decodes the address, 
read/write, address strobe, and data strobe control 
signals and responds accordingly for a read or write 
operation. 

Bus Arbitration : In a system with more than one 
device capable of being the Bus Master, a bus arbi- 
tration convention must be employed to determine 
which device may take control of the system bus at 
any one time. Normally one of the Bus Master type 
devices is responsible for receiving and granting re- 
quests for access to the system bus. 

Front End Processor : A processor microsystem, 
usually consisting of a microprocessor, or single- 
chip microcomputer, along with memory and control 
logic. This microsystem alleviates some of the 
burden placed on the main host processor. The front 
end processor acts as an intermediate stage of pro- 
cessing between the host processor and an I/O de- 
vice. 

Intelligent Ethernet Node : An Ethernet node that 
acts as a front end processor to the host processor. 
An intelligent Ethernet node would basically consist 
of microprocessor or microcomputer, memory, an 
Ethernet protocol device (VLANCE), transceiver in- 
terface device (SIA), and the associated firmware 
required to implement the lower layers of the Ether- 
net protocol. 

4. VLANCE CHIP DESCRIPTION 

The MK5032 VLANCE (Variable Bit Rate Local Area 
Network Controller for Ethernet) is a 48-pin VLSI de- 
vice that simplifies interfacing a microcomputer or 
minicomputer to an Ethernet Local Area Network 
(LAN). This chipoperates in a local environmentthat 
includes a closely coupled memory and micropro- 
cessor. The VLANCE uses scaled N-channel MOS 
technology and is compatible with several popular 
microprocessors. It interfaces to a microprocessor 
bus characterized by time-multiplexed address and 
data lines. Typically, data transfers are 1 6 bits wide, 
but byte transfers occur if the buffer memory ad- 
dress boundaries are odd. The address bus is 
24 bits wide. 

The Ethernet packet format consists of a 64-bit pre- 
amble, a 48-bit destination address, a 48-bit source 
address, a 1 6-bit type field, and a 46- to 1 500-byte 
data field terminated with a 32-bit CRC (cyclic re- 
dundancy check) as shown in figures 2 and 3. The 
packet's variable widths accommodate both short 
status, command and terminal traffic packets, and 
long data packets to printers and disks (1024 byte 
disk sectors, for example). Packets are spaced a 
minimum of 9.6 usee apart to allow one node time 
enough to receive back-to-back packets. 
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Figure 2 : Ethernet and VLANCE Packet Format. 
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Figure 3 : Ethernet and Packet Bit Transmission Sequence. 
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The VLANCE operates in a minimal configuration 
that requires close coupling between local memory 
and a processor. The local memory provides packet 
buffering and is a communication link between the 
chip and processor. During initialization, the control 
processor loads the starting address of the initializ- 
ation block plus the operation mode into the 
VLANCE via two control registers. The host proces- 
sor talks directly to the VLANCE only during this in- 
itialization as a Bus Slave peripheral. The 
VLANCE's DMA machine, under microword control, 
handles all further communications. 
The VLANCE on-chip DMA channel provides flexi- 
bility and speed by communicating with the host, or 
dedicated microprocessor, through common mem- 



ory locations. Buffer management is organized by a 
circular queue of tasks in memory called "descriptor 
rings" (see figure 4). Separate descriptor rings de- 
scribe transmit and receive operations. Up to 128 
tasks may be queued on a descriptor ring for future 
execution. Each entry in a descriptor ring holds a 
pointer to a data memory buffer and an entry for the 
data buffer length. Data buffers can be chained or 
cascaded to handle a long packet in multiple data 
buffer areas. The VLANCE searches the descriptor 
rings in a "look-ahead manner" to determine the 
next empty buffer for chaining buffers together or 
handling back-to-back packets. As each buffer is 
filled, an "own" bit is reset, signaling the host pro- 
cessor to empty this buffer. 
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Figure 4 


: VLANCE Memory Management. 
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5. ETHERNET NODE OVERVIEW 

5.1. INTRODUCTION 

The VLANCE has two basic types of micro-inter- 
faces. The first is when the VLANCE acts as a pe- 
ripheral to a host processor and the second is when 
the VLANCE and a dedicated microprocessor or 
microcontroller work together to form an intelligent 
node. In the second type, all processing between 



the processor and the VLANCE occurs on a local 
bus, while the entire node interfaces to the main sys- 
tem bus as an intelligent subsystem. 

The VLANCE parallel interface is designed to be an 
easy or "friendly" interface to several popular 1 6-bit 
microprocessors. This Application Note addresses 
MK68000 interface requirements, but the concepts 
can be applied to other microprocessors. 
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5.2. OPERATIONAL DESCRIPTION 

The following two sections are operational descrip- 
tions of a typical intelligent Ethernet node controller 
design, and the Ethernet node controller design 
used to generate this Application Note. 

5.2.1. TYPICAL ETHERNET NODE. An intelligent 
Ethernet node's primary function is to unburden the 
host processor from many networking tasks and, at 
the same time, reduce system bus congestion by 
eliminating the need for the VLANCE to ever access 
the system bus. 

Atypical intelligent node performs node initialization 
and self tests, as well as transmitting and receiving 
messages. It also retains statistical records of error- 
causing conditions and generates time-out inter- 
rupts. These timeout interrupts are used for both 
memory refresh and upper-level protocol require- 
ments. 

The software of the intelligent node isolates the 
higher level user software from node details, such 
as memory refresh and the VLANCE interface. 

In atypical system, an intelligent Ethernet controller 
may be designed and placed on a separate system 
board. The VLANCE chip permits placement of the 
entire Ethernet controller on a single system board 
because it reduces the chip count. This board would 
interface to a particular bus structure, i.e., the VME, 
Versabus™, Multibus™, etc. 

The system host processor may interface to the 
node processor via a dual-ported memory with the 
use of semiphores. 

5.2.2. APPLICATION-NOTE ETHERNET NODE. 
The Ethernet node controller design discussed in 
this Application Note does not have the character- 
istics of a typical intelligent Ethernet controller. It was 
designed more as a demonstration and teaching 
tool. The only software written for the node is the 
lower level software included in the Appendix. 

This design uses a total of 8K bytes of memory. A 
greater quantity of memory would be present in a 
typical intelligent Ethernet node design. This design 
has no memory refresh requirements since static 
RAMs are used instead of dynamic RAMs. 



This design includes a "message send request" but- 
ton that users depress to send data messages to 
any desired node. The push button simulates a 
message request that the system host processor 
would normally generate. The button idea is only 
used on the breadboard for controlled message 
transfer for debug and demonstration purposes. 

Depressing the button interrupts the local processor 
and calls a message routine. This message routine 
generates a pseudo message and updates the 
transmit descriptor so proper transmission can 
occur. Immediately after pushing the button, users 
can examine the memory to verify message trans- 
mission and proper hardware and software oper- 
ation. The pushbutton was felt to be the best way to 
demonstrate message generation. 

Aside from these few differences, the Ethernet node 
design used in this publication is functionally the 
same as a typical design used in industry. 

5.3. HARDWARE REQUIREMENTS 
As the Bus Master, the VLANCE has a wide 24-bit 
linear address space it can access directly via DMA. 
This 24-bit address bus interfaces directly to the 
MK68000's 24-bit bus. The only provision is that lat- 
ches must be placed on the multiplexed ad- 
dress/data bus to latch up the address at the start 
of a read or write cycle when the VLANCE is the Bus 
Master. Only the lower 1 5 bits must be latched up ; 
the upper eight bits can be interfaced directly. When 
interfacing to the MK68000, BM1 and BMO corre- 
spond to upper data strobe (UDS) and lower data 
strobe (LDS). Address bit AO is not used in the basic 
MK68000 interface. 

The basic blocks of this design include the VLANCE, 
MK68000, memory, bus arbitration circuitry, chip se- 
lect circuitry, and DTACK circuitry. Figure 5 is a 
block diagram of this interface. 

The memory includes 8K bytes of random access 
memory (RAM) and 4K bytes of erasable pro- 
grammable read only memory (EPROM). The 
EPROM contains the Ethernet node program, while 
the RAM is used for receive and transmit rings as 
well as stack area. 

Section 6 - Hardware Description gives a detailed 
hardware description. 



Versabus is a trademark of Motorola, Inc. 
Multibus is a trademark of INTEL Corp. 
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Figure 5 : 68000/5032 Block Diagram. 
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5.4. SOFTWARE REQUIREMENTS 

The software program has three functions : 

1. Initialize the VLANCE 

2. Perform message ring management 

3. Keep track of the error- and flag-causing condi- 
tions. 

The software acts as an intermediate stage between 
the higher-level software protocol of the system host 
processor and the lower-level protocol implemented 
by the VLANCE. Figure 6 shows the main flow of 
the software. 

The initialization and diagnostics are implemented 
upon powerup. Users may set up the diagnostics 
submodule to be implemented any time they desire 
an operational check. The two service modules - 
VLANCE Interrupt and Message Interrupt - are both 
interrupt-driven. 

The VLANCE Interrupt service routine is called 
when the VLANCE interrupts the local processor. 
The VLANCE interrupts the processor when a 
message is received or transmitted, initialization is 
complete, or an error has occurred. The error- or 

Figure 6 : Program Software Overview Flowgraph. 



flag-causing condition is determined by reading the 
Control and Status Registers zero (CSRO). The pro- 
cessor then either services the flag-raising condition 
or calls one of the statistical-keeping subroutines. It 
then simply reports the condition to the system pro- 
cessor. 

It is not necessary for the VLANCE to operate on an 
interrupt-driven basis. The processor may be pro- 
grammed to periodically poll the Control and Status 
Registers zero (CSRO) for flag-causing conditions. 
This Application Note performs the function on an 
interrupt basis to eliminate the need for a timer. 

The message interrupt service routine is called 
when users depress the "message request" button. 
The routine generates a pseudo message depend- 
ing on what parameters users give it. It then writes 
the message into a transmit message buffer and up- 
dates the transmit message descriptor. 

As stated before, the "Push-button" operation is not 
included in a typical Ethernet node processor, but 
appears here to give the reader possible sugges- 
tions on how to write required software for servicing 
an actual system-generated message. 
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5.5. SYSTEM MEMORY MAP 

All software activities take place in the low end of 
memory. The entire program uses less than 2K 
bytes of memory. Figure 7 is a memory map of the 
space this program uses. 

Memory area from hex address $0000 to $03FF is 
reserved for vectors. The program resides in the 
memory space bounded by addresses $0400 and 
$1 FFF. Message management memory space is be- 
tween $2000 and $387B. This area contains the in- 
itialization block and the receive and transmit 
message descriptors, along with the receive and 
transmit buffers. The memory space between ad- 
dresses $387C and $3FFF is the utility area. The pro- 
gram stack, ring management, and error flags reside 

Figure 7 : System Memory Map. 



here. Figure 8 gives a detailed map of the utility area. 
Memory location $4000 is the address of the 
VLANCE's register data port (RDP). Memory loca- 
tion $4002 is the address of the VLANCE's register 
address port (RAP). 

The receive and transmit ring length, as well as their 
buffer sizes, are all variable. These variables may 
be altered by changing an equate statement at the 
beginning of the program. This Application Note 
uses eight receive descriptors and four transmit buf- 
fers. The size for both transmit and receive buffers 
is 256 bytes. There are twice as many receive buf- 
fers as transmit buffers because it is undesirable for 
the node to miss an incoming packet due to a lack 
of receive buffers. 
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Figure 8 : Utility Area Memory Map. 
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5.6. UTILITY AREA DEFINITION 

The utility area is composed of the following : 

1 . 68 bytes of system stack 

2. 64 bytes of ring management variables 

3. 32 bytes of error and status flag area 

4. 620 bytes for message area. 

The message storage area is to be used for receive 
message output and transmit message waiting 
area. A ring management stack or status area is set 
aside in memory to record all transmit and receive 
descriptor ring activity. Figure 9 gives the address 
location and describes the information in that mem- 
ory location. 



The addressing mode to access all ring manage- 
ment locations is "Address Register Indirect with 
Displacement". Base address $38C0 is placed in 
register A4 upon initialization. The displacements 
are all defined in the equate statements at the be- 
ginning of module number one (see software listing 
in the appendix). 

The ring management area has several pointers. 
Some point to the top and bottom of the descriptor 
rings. Others point to the next-descriptor to be used 
and the last-descriptor used. The complicated task 
of message management is controlled by using 
these pointers and other status information in the 
ring management area. 
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Figure 9 : Ring Management Area Description. 
ADDRESS DESCRIPTION OF CONTENTS 

38C0 RECEIVE RING LENGTH. Number of entries in the receive ring. 

38C2 TRANSMIT RING LENGTH. Number of entries in the transmit ring. 

38C4 RECEIVE RING BASE ADDRESS POINTER. This points to the first receive message de- 

scriptor. 

38C8 TRANSMIT RING BASE ADDRESS POINTER. This points to the first transmit message de- 

scriptor. 

38CC RECEIVE RING BOTTOM ADDRESS POINTER. This points to the last receive message 

descriptor. 

38D0 TRANSMIT RING BOTTOM ADDRESS POINTER. This points to the last transmit mess- 

age descriptor. 

38D4 LAST RECEIVE DESCRIPTOR USED POINTER. This points to the last receive descriptor 

to be used. When the VLANCE interrupts the host because of a received message, this 
pointer will indicate which ring corresponds to the message. If more than one buffer was re- 
quired for the incoming message, than one buffer was required for the incoming message, 
this pointer will point to the first descriptor used. 

38D8 LAST TRANSMIT DESCRIPTOR USED POINTER. This points to the last transmit descrip- 

tor turned over the host by VLANCE. When VLANCE interrupts the host because it has just 
transmitted a message, this pointer will indicate the descriptor just used. 

38DC NEXT TRANSMIT DESCRIPTOR TO BE USED POINTER. This points to the next transmit 

message descriptor available for use. The "number of rings available" must be checked be- 
fore the next ring is accessed. If there are "0" rings available the Next Transmit Pointer will 
be pointing to a ring which has not been serviced by VLANCE. 

38E0 LOOPBACK MESSAGE COUNT. This contains the number of bytes contained in the loop- 

back message. This is not used in diagnostics. 

38E2 TRANSMIT DESCRIPTOR COUNT number of descriptors that are available. 

38E4 RING MANAGEMENT STATUS. 

BIT #1 "1 " indicates that VLANCE is in LOOPBACK Mode. 

BIT #2 "1 " indicates that the START OF PACKET bit was set before. 

BIT #3 "1 " indicates that the END OF PACKET bit was set before. 

BIT #4 "1 " indicates that the program is in DIAGNOSTIC Mode. 

BIT #5 "1 " indicates that this portion of the TEST IS COMPLETE. 

BIT #6 NOT USED. 

BIT #7 NOT USED. 

38E8 LOOPBACK TRANSMIT BUFFER ADDRESS POINTER. 

38EC MORE COUNTER keeps count of the number of times more than one retry was needed to 

transmit a packet. 

38EE ONE COUNTER keeps count of the number of times exactly one retry was needed to trans- 

mit a packet. 

38F0 MESSAGE WORD used for testing and debugging. 
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6. HARDWARE DESCRIPTION 

6.1. INTRODUCTION 

The circuit described in this Application Note has a 
minimal amount of logic for interfacing the 68000 to 
the VLANCE. Figure 5 is a block diagram of the cir- 
cuit. 

The basic interface blocks consist of the following : 

1. Chip select decode and DTACK (Data Trans- 
fer Acknowledge) generation 

2. Address/Data bus interface 

3. Interrupt - autovector 

4. Bus arbitration blocks. 

Detailed schematics of these blocks are given in 
figures 10 through 16. 

6.2. CHIP SELECT DECODE CIRCUITRY 

The Chip Select Decode circuit consists of five logic 
gates and a Bipolar Programmable Read Only 
Memory (PROM) as shown in figure 10. The circuit 

Figure 10 : Chip Select Decode and DTACK Circuit. 



output enables both the RAM and EPROM, as well 
as enabling the VLANCE. When the VLANCE is the 
Bus Slave and the 68000 needs to access one of its 
control-status registers, the VLANCE is enabled. As 
Bus Masters, either the 68000 or the VLANCE can 
access memory. The DTACK circuitry uses the out- 
put signals, RAM SELE CT and RO M SELE CT 
They generate the needed DTACK and READY sig- 
nals for the 68000 and the VLANCE, respectively. 

Figure 1 1 describes chip select decoding. Since the 
entire addressable memory used in this circuit 
resides below hex address $7FFF, address bits A1 5 
thru A23 are not used. These address bits are all in- 
puts to the OR-AND gate array. This array's output 
is active if address bits A1 5 through A23 are all at 
logic "0". The decode circui t's output enables differ- 
ent segments of memory. RAM HH enables h iqh- 
address, high-word of RAM, while RAM HL will 
enable the high-address, low-word of RAM. 
RAM LH enables the low-address, high-word of 
RAM, and so forth. Figure 1 2 is a chip select decode 
PROM firmware map. 
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Figure 11 : Chip Select Decode Description. 
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Figure 12 : Chip Select Decode PROM Firmware. 
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6.3. DTACK CIRCUITRY 

A few lo gic gates and a shift register make up the 
DTACK circuitry (see figure 10). The shift register 
allows selectable delay time outputs to compensate 
for varying memory access speeds. 

When the VLANCE is a Bus Master, REA DY is an 
asynchronous acknowledgement from the DTACK 
circuit that memory will accept data in a WRITE 
cycle, or that memory has put data on the Data/Ad- 
dress lines in a read cycle. 

As a Bus Slave, the VLANCE asserts READY when 
it has put data on the Data/Address lines during a 
READ cycle or, is about to take data off the Data/Ad- 
dress lines during a WRITE cycle. Ready is a re- 
sponse to Dat a Ad dress Strobe (DAS) and is 
negated after DAS is negated. T he sepa rate 
DTACK signals are wire ORed with the READY sig- 



nal from the VLANCE. In this manner, the READY 
signal can be either an input or outpu t. When the 
VLANCE is the Bus Master, the DTACK input on the 
68000 is in the high impedance state. 

6.4. ADDRESS/DATA BUS INTERFACE 

Figures 13 and 14 are schematics of address and 
data bus interfacing. The interfacing is very straight- 
forward. The data bus is connected directly between 
the 68000, the VLANCE, and memory. Address bits 
A1 6 through A23 are connected up directly between 
the VLANCE and the 68000. Since the VLANCE has 
a multiplexed Address/Data bus, tri-state latches 
must be placed on the DAL lines. These latches 
store the address during the beginning of a read or 
write c ycle when the VLANCE is a Bus Master. 
HLDA enables the output of the latches, this occurs 
only when the VLANCE is a Bus Master. 
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Figure 13 : 68000-Memory Interface Circuit. 
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Figure 14 : Address/Data Bus Interface Circuit. 
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6.5. INTERRUPT CIRCUITRY 

The interrupt circuitry, as shown in figure 15, hand- 
les incoming interrupts to the 68000, and also hand- 
les the interrupt acknowledgement scheme. This 
circuit has two interrupt sources. One can come 
from the VLANCE, the other can come from a push 
button on the breadboard. The push button informs 
the 68000 that a message is ready to be transmitted. 

6.6. AUTOVECTORING CIRCUIT 

Interrupts in this program are handled with autovector- 

Figure 15 : Interrupt and Auto Vector Circuit. 



ing. The interrupt from the VLANCE is set to interrupt 
level six, and the interrupt that represents a "message 
ready to be transferred" from the system host is set at 
interrupt level five. Level seven interrupt is the non- 
maskable interrupt, and is not used in this circuit. 

Upon an interrupt, the 68000 responds with binary 
"1 1 1 '" at the Function Code Output (FCO-2). This is 
decoded and Valid Peripheral Acknowledge (VPA) 
is generated from it, which tells the 68000 to auto- 
vector (see the 68000 users manual for more details 
on autovectoring). 
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6.7. BUS ARBITRATION CIRCUIT 
The Bus Arbitration circuit, as shown in figure 16, 
generates the necessary control and handshake 
signals needed for the VLANCE to take control of 
the bus. The 68000 has three handshake signals for 
bus arbitration, while the VLANCE has only two. 
When the VLANCE requires control of the bus, it as- 

Figure 16 : Bus Arbitration Circuit. 



serts HOLD. The 68 000 retu rns a_Bus Grant (BG) 
signal. BG along with DTACK and AS generate hold 
acknowledge HLD A and_Bus grant acknowledge 
(BGACK). DTACK and AS are needed to verify that 
the previous cycle is over before the VLANCE takes 
control of the bus. A timing diagram of the bus arbi- 
tration process is shown in figure 1 7. 
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6.8. SIA-VLANCE INTERCONNECT 

Users must carefully plan the interconnect layout 
between SIA, the VLANCE, and the output connec- 
tor to the transceiver. The SIA is a very fast EC L in- 
terface device. It has an internal voltage controlled 
oscillator (VCO) that generates a 40MHz clock from 
which internal timing is derived. This device is very 
susceptible to noise. For this reason, the proximity 
of the SIA to the VLANCE and output connector is 
important. Very close coupling between all filter and 
terminating devices is required. They must be 
mounted directly adjacent to the SIA pins in printed 
circuit boards and must be attached directly to the 

Figure 18 : SIA Filter Values. 



socket pin in a breadboard situation. 

Only low-profile sockets should be used for the SIA 
in a breadboard situation. ZIP-DIPs, or high-profile 
sockets result in an environment too noisy for the 
fast communication rates these devices generate. 

Decoupling is also very important when building a 
breadboard or laying out a PC board. The Ground 
and Vcc pins (pins 1 and 48) of the VLANCE should 
be decoupled to reduce noise possibilities. These 
capacitors should be attached directly to the socket 
pins in a breadboard situation. Figure 18 gives sug- 
gested filter values to be used on the SIA. 
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7. SOFTWARE DESCRIPTION 

7.1. INTRODUCTION 

The software needed to generate a basic interface 
between the VLANCE and the 68000 is described 
in three different formats : a written description of 
the step-by-step process, flow charts of the individ- 
ual submodules, and a printout of the actual assem- 
bly code. The assembly code appears in 
Appendices A, B, and C. 

Users should read the software description along 
with studying the flow charts and assembly code. 
This triple reinforcement should make it easier to 
comprehend software requirements. 

The software has four basic modules, as shown in 
the memory map of figure 19. They include : Initial- 
ization & Diagnostics, VLANCE Interrupt, Message 
Interrupt, and Status Module. 

Figure 19 : Software Memory Map. 



7.2. INITIALIZATION & DIAGNOSTICS SOFT- 
WARE MODULE 

7.2.1. INTRODUCTION. The Initialization & Diag- 
nostics Module, as shown in figure 20, contains six 
submodules : 

1 . Clear 

2. Block-Move 

3. Receive Ring Initialization 

4. Transmit Ring Initialize 

5. Diagnostics 

6. Normal Initialize. 

The diagnostics portion is actually a subroutine. Di- 
agnostics may be performed at any time by simp- 
ling calling this subroutine. 

In addition to these six submodules are two subrou- 
tines : Control and status Register Initialization Subrou- 
tine, and the Cyclic Redundancy Check Subroutine. 
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Figure 20 : Initialization Software Module (VLANCE. INITIAL). 
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7.2.2. CLEAR SUBMODULE. Upon powerup, the 
68000 (also referred to as the local host, or host) ad- 
dresses the reset vector location $0000 that holds 
the address of the start of the program. The starting 
address of the Clear Submodule, shown in figure 21 , 
is at location $400. 
The program's first action is to reset the VLANCE and 



other peripherals on the local system bus. Next, it 
clears out the address and data registers, sets the 
interrupt mask, loads the interrupt autovectors and 
both system and ring-management stack locations. 
The ring management area starting address is stored 
in Address Register A4. Following this action, the 
host clears all data held in the ring status register. 



Figure 21 : Clear Submodule (VLANCE. 


INITIAL. CLEAR). 
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7.2.3. BLOCK-MOVE SUBMODULE. Once the reg- 
isters have all been cleared, the processor's next 
task is to move the VLANCE's initialization block into 
memory where the VLANCE can access it. Informa- 
tion also must be extracted from the initialization 



block which allows the software to determine the 
base addresses of the transmit and receive descrip- 
tor rings and their respective lengths. These oper- 
ations take place in the "Block- Move" submodule 
described by the flowchart in figure 22. 

Figure 22 : Block-Move Submodule (VLANCE. INITIAL. BLKMOVE). 
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The VLANCE buffer management information is set 
up as equates. Equates define the following infor- 
mation : 

1 . Starting address of the initialization block 

2. Displacement needed between the initialization 
block's starting address to the receiver and 
transmit descriptors' starting address 

3. Number of transmit and receive buffers desired 

4. Desired buffer size. 

By altering one or more equate statements, any of 
these buffer management areas may be relocated 
in memory. 

Figure 23 : Buffer Displacement Diagram. 



This software routine makes all calculations needed 
to initialize the receive and transmit descriptors. The 
only limitation is that all receive descriptors must be 
in a contiguous block of memory. The same holds 
true for transmit descriptors. The buffers for the re- 
ceive and transmit operation may be placed any- 
where throughout the memory by specifying a buffer 
displacement from the descriptor's starting address 
(see figure 23). 

This design was chosen to give the program more 
flexibility. The same piece of software can be used, 
independent of buffer number, size, and location. 
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Information is stripped by the block-move submo- 
dule from the initialization block source and trans- 
ferred to the VLANCE shared memory. If the source 
is EPROM, the initialization block is identical upon 
each powerup. If the source is downloaded from the 
main host, the initialization block may vary from one 
powerup sequence to the next. The software in this 
Application Note was written so the initialization 
block, receive and transmit descriptors, and the re- 
ceive and transmit buffers are all in contiguous 
memory. 

The "Block- Move" submodule also strips the receive 
and transmit ring lengths as it moves the initializa- 
tion block into memory. It stores the values to be 
used in memory allocation calculations in the re- 
ceive and transmit ring initialization routines. It also 
extracts mode information and sets the correspond- 
ing bits in the ring management status register. In 



addition, it also copies, reformats for 68000 compa- 
tability, and stores the receive and transmit ring 
base address for later use. 

In this software design, the receive and transmit de- 
scriptor base addresses are predetermined and the 
program generates the buffer addresses from ring 
length information. The software also could have 
been structured to give only ring length information. 
The program would then determine ring and buffer 
locations. Another structure may have all address 
information pre-calculated without any calculations 
necessary upon initialization, although this structure 
would not allow flexible ring management. The 
structure depends on the application desired. 

7.2.4. RECEIVE RING INITIALIZATION SUBMO- 
DULE. Once the entire initialization block is moved 
into the share memory, the "Block-Move" submo- 



Gi 



SGS-THOMSON 



27/48 



167 



APPLICATION NOTE 



dule is complete and the "Receive Ring Initializa- 
tion" submodule begins. This submodule initializes 
all receive ring descriptors by generating Receive 
Descriptors through 3 (RMDO, RMD1, RMD2, & 
RMD3), as shown in figure 24. It generates each de- 
scriptor's respective buffer address by displacing it 
with the buffer length and displacement. 
For example, if 256-byte buffers are required and 
the receive descriptor has a starting address of hex 
$5000 and a buffer displacement of hex $1000, 
users would first add the buffer displacement to the 



starting address of the descriptors. This would give 
a receive buffer starting address of hex $6000. 
Therefore, the buffer address of receive buffer num- 
ber 1 would be $6000. Receive buffer number 2 
would have a starting address of $6100, Receive 
number 3 would have a starting address of $6200 
and so on, each displaced 256 bytes, or one buff- 
er length from the previous buffer. Once the descrip- 
tor is initialized, ownership of it is given to the 
VLANCE to be used when an incoming message is 
received. 



Figure 24 : Receive Ring Initialization Submodule (VLANCE. INITAL RRINGINIT). 
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7.2.5. TRANSMIT RING INITIALIZATION SUBMO- 
DULE. When all receive ring descriptors are in- 
itialized, the program proceeds into the "Transmit 
Ring Initialization" submodule shown in figure 25. 
This submodule initializes the transmit descriptors 
in much the same way it initializes the receive de- 
scriptors, with the exception that the host retains 
ownership of the transmit descriptors. They are 
used during message transmission. This submo- 
dule also generates the 2's complement of the byte 
count (BCNT) and places it in the address specified 
forTMD2. 

7.2.6. DIAGNOSTIC SUBROUTINE. At this point in 
the program, the initialization block is in memory, 
which the VLANCE can access. The receive and 
transmit rings are initialized. A diagnostic routine 
now needs to be run to determine if the VLANCE 
and associated hardware are operating properly. 
(See figures 26 and 27). This is done by placing the 
VLANCE in four different loopback modes : 

1 . Internal loopback with transmit CRC enabled 

2. Internal loopback with transmit CRC disabled 

3. Internal loopback with transmit CRC enabled 
and the collision force bit set. 

4. External loopback. 

To test the VLANCE a test message must be gener- 
ated and placed in the first transmit buffer. In addi- 
tion, the first transmit descriptor must be initialized. 

The test data message created in this program is 28 
bytes long. The test message is all hex A's, which 
is alternating binary 1's and O's. The maximum 
amount of data that can be transmitted in loopback 
mode, whether external or internal, is 32 bytes. With 
transmit CRC enabled, a 28-byte message is trans- 
mitted but, the actual message size is 32 bytes be- 
cause the VLANCE tags four bytes of hardware 
CRC upon transmission. The transmit length con- 
straint is due to the size limitation of the VLANCE's 
SILO. 

In this Application Note, the loopback date size is 28 
bytes for all four tests. 

After the message is generated, a CRC is gener- 
ated by calling the software CRC subroutine de- 
scribed in Section 7.2.6.1. In all but the second 
loopback test, the VLANCE's transmit CRC is en- 
abled (bit 3 of the mode is set for transmit CRC dis- 
able). When the transmit CRC is disabled, a 
software CRC is generated and transmitted with the 
message. For the remaining loopback tests, the 



VLANCE generates the CRC code in hardware and 
tags it on the end of the transmitted message. This 
hardware-generated CRC is then compared to the 
software CRC to assure proper operation of the 
VLANCE. 

The CRC generation is followed by initialization of the 
transmit descriptor. The buffer byte count (BCNT) of 
28 is written into transmit message descriptor 2 
(TMD2). The start and end of packet bits, as well as 
the own bit are set in transmit message descriptor 1 
(TMD1). Following this descriptor initialization, the 
mode is set to : promiscuous, internal loopback, with 
the "disable transmit CRC" bit set to "0". 

As described before, with transmit CRC enabled, a 
CRC is generated for the outgoing message, but is 
not checked for the incoming message. This is be- 
cause the VLANCE has only one CRC device. The 
device can generate the CRC or check the CRC, 
but not concurrently. Verification of proper CRC oc- 
curs in the Receive Interrupt submodule, described 
later. 

The final step in each loopback test is an initializa- 
tion of the VLANCE's control and status registers 
(CSRINIT subroutine call). The CSRINITsubroutine 
initializes the control and status registers which ef- 
fectively starts the VLANCE. These subroutine 
steps are summarized in Section 7.2.6.2. 

Once the CSRINIT subroutine has executed, the 
VLANCE initializes itself. The program stays in a 
loop, waiting for completion of this part of the loop- 
back test. This is indicated when a test-complete bit 
is set in the ring management status register. Once 
one portion of the loopback test has completed, the 
next portion begins. 

The steps taken after the CSR initialization subrou- 
tine is called include : 

1 . The VLANCE is initialized by calling [CSRINIT]. 

2. The VLANCE requests the bus and makes 
DMA cycles. It reads the entire initialization 
block. 

3. The VLANCE polls the receive and transmit 
rings to check for ownership (see MK68590 
VLANCE Technical Manual for a more detailed 
description of polling routines). 

4. Finding that it owns the transmit ring, it enters 
its transmit DMA routine. 

5. Once it has completed its transmission, it im- 
mediately starts to DMA the message it con- 
currently received into the receive buffer. 
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Figure 25 : Transmit Ring Initialization Submodule (VLANCE. INITIAL TRINGINIT). 
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Figure 26 : Diagnostics' Subroutine (VLANCE. INITIAL DIAG). 
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Figure 27 : Loopback Diagnostic Test Routine. 
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6. The VLANCE then interrupts the 68000 to not- 
ify it that a transmission and reception has oc- 
curred. 

7. The program vectors off to service the interrupt 
routine. During the exception processing rou- 
tine, the application-dependent status subrou- 
tines are called if an error flag is found. 

8. Once all exception processing is complete, the 
test done bit is set and a return from the excep- 
tion processing occurs. 

9. The "test-done" bit is constantly checked. Once 
set, the program continues normal execution, 
turning off the VLANCE and proceeding to the 
next portion of the diagnostics. 

When loopback test number one is complete, the 
second loopback test proceeds in a similar manner 
as the first. The only difference between loopback 
tests is the mode. For clarity, this test is repeated 
four times in the software rather than tightening the 
code by inserting four loops. 

If the diagnostics detects problems with the 
VLANCE, the status subroutines report the errors by 
setting a status bit in memory. This Application Note 
does not deal with error handling, since it is applica- 
tion-dependent and out of the realm of this docu- 
ment. 

After all four loopback tests have completed, the 
VLANCE is initialized for normal operation. 



7.2.6.1 . CRC Code Software Generation. Before 
the descriptor initialization, a CRC subroutine, is 
called to generate a 32-bit cycle redundancy check 
code (CRC) to be added at the end of the message 
(see figure 28). 

Since all hex A's is the predetermined data in the 
message, the CRC can also be predetermined. If the 
test message differed for each test, an actual rigorus 
software CRC subroutine would have to be de- 
signed. But, in this case, the CRC subroutine simply 
writes $B1 1 09280 out to the message buffer. This 
data is the CRC code for the 28-byte test message. 

7.2.6.2. Control and Status Register Initialization 
Subroutine. The Control and Status register sub- 
routine is shown in figure 29. The first step is to move 
the initialization starting address into the VLANCE's 
Control and Status registers. The low order bits 
<00 : 1 5> are placed in CSR1 , and the high order 
bits <16 : 23> are placed in CSR2. Next, the 
VLANCE is made compatible to the hardware inter- 
face by setting BSWP = 1 , ACON = 1 , and BCON = 
in CSR3. Finally, a $0043 is written into CSR0, 
which sets the Interrupt Enable, the Start and In- 
itialize bits. Immediately following this last write, the 
VLANCE starts its initialization procedure by re- 
questing the bus and completing 12 DMA cycles. 
Each DMA cycle corresponds by moving one word 
of the initialization block into its internal registers. 



Figure 28 : Cycle Redundancy Check Generation Subroutine (CRCGEN). 
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Figure 29 : Control and Status Initialization Subroutine (CSRINIT). 
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Once the DMA cycles are complete, the VLANCE 
interrupts to notify the host of completed initializa- 
tion. If the Interrupt Enable bit in CSRO is not set, 
the VLANCE does not interrupt the host, but rather, 
waits for the host to poll its Control and Status reg- 
ister. 

Next, a polling routine is begun to determine which 
receive and transmit descriptors are owned by 
VLANCE. When a VLANCE-owned receive ring is 
found, that result is stored and polling continues to 
locate a relinquished transmit ring. The CSR initial- 
ization submodule is complete when the final CSRO 
takes place. The program then returns from this sub- 
routine. 

7.2.7. NORMAL-OPERATION INITIALIZATION. 
After the diagnostics are complete, the normal-oper- 
ation initialization occurs. This submodule is shown 
in figure 30. The predefined mode in the program 
initialization block is moved into the VLANCE's in- 
itialization block. The mode information is checked 
to determine if the desired mode is a loopback 
mode. If it is, the ring management status register 
is set up accordingly. The VLANCE is then restart- 
ed by calling the control and status register initializ- 
ation subroutine, CSRINIT. 

After the Normal-Operation Initialization, the initial- 
ization software module is complete and stays in a 
wait loop. The program is completely interrupt- 
driven from this point on and only moves out of the 
wait loop when an interrupt occurs. 

7.3. VLANCE INTERRUPT EXCEPTION SOFT- 
WARE MODULE 

7.3.1 . INTRODUCTION. The VLANCE Interrupt Ex- 
ception Module has basically four sub-modules. 
They are : 

1. Interrupt Error Determination Submodule 

2. Transmit Interrupt Handling Submodule 

3. Receive Interrupt Handling Submodule 

4. Initialization Done Interrupt Handling Submo- 
dule 

Figure 31 depicts the flow of the Exception Software 
Module. The VLANCE Interrupt Exception Software 
Module, also referred to as the VLANCE Interrupt 
Routine, is called when the VLANCE interrupts the 
host processor. The VLANCE interrupts the host if 



a message has been transmitted or received, the 
VLANCE has finished its initialization routine, or an 
error has occurred. 

The VLANCE Interrupt is hardware set at level 6 ; 
the second highest priority. The only higher priority 
is level seven, that of the nonmaskable interrupt. 
When the VLANCE interrupts the 68000, it autovec- 
tors to memory location $800. 

The first action the 68000 takes is to get the 
VLANCE's status from CSRO. This status helps 
determine what caused the interrupt. The error bit 
is the first bit checked. If this bit is not set, the Trans- 
mit Interrupt bit is checked to see if a transmitted 
message caused the interrupt. If an error did cause 
the interrupt, the software determines the type of 
error and the routine proceeds to the transmit inter- 
rupt check. Once the transmit bit is checked, the re- 
ceive bit is checked in the same manner. Finally the 
Initialization Done bit is checked and the program 
returns to the waiting loop. 

All flag-causing conditions are serviced and the 
error-causing conditions call application-dependent 
service subroutines. For the purposes of this Appli- 
cation Note, these error service routines simply set 
certain bits in memory that correspond to the error. 
The programmer may then examine memory for er- 
rors. 

7.3.2. INTERRUPT ERROR DETERMINATION 
SUBMODULE. The first task in this submodule, as 
shown in figure 32, is to save the registers. Informa- 
tion in the data and address registers is placed on 
the stack to be retrieved after exception processing. 
Next, status information in the Control and Status 
Register zero (CSRO) is moved into one of the 
68000's registers. Following this, all flags set in 
CSRO and the Interrupt Enabled bit are cleared. This 
occurs by clearing bit 6 (Interrupt Enable bit) in the 
register containing a copy of CSRO, and writing this 
copy back into CSRO. Since the flags are all cleared 
by writing a "1 " in their bit location, all flags set in 
CSRO are cleared. The Error bit in CSRO clears it- 
self after all the individual error flags are cleared. 
The interrupt enable bit is cleared by writing a "0" in 
its bit location. The VLANCE's interrupt capabilities 
are disabled because it is not desirable to have an- 
other interrupt occur while the present interrupt from 
the VLANCE is being serviced. 
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Figure 30 : Normal Operation Initialization Submodule (VLANCE. INITIAL. NORM), 
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Figure 31 : VLANCE Exception Processing Module (LEXCEPT). 
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Figure 32 : Interrupt Error Determination Submodule (VLANCE. LEXCEPT. ERROR). 
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The Error Summary bit is the first status bit to be 
checked. If this bit is not set, no error-causing con- 
ditions are present and the individual error bits need 
not be checked. The Transmit Interrupt bit is 
checked next to see if it is set. 

If the Error Summary bit is set, each individual error 
bit is checked. If any are set, an error-handling sub- 
routine is called to report or service the error. Again, 
as stated before, these are application-dependent 
subroutines. The user can implement error handling 
routines to suit system requirements. 

When it is determined whether an error caused the 
interrupt, the Transmit Interrupt bit is checked. Since 
more than one condition can cause the interrupt, all 
bits must be checked. The interrupt pin is simply an 
OR of the interrupt-causing conditions. If another in- 
terrupt occurs after the interrupt pin is asserted, an- 
other transition on the interrupt pin will not occur. 

7.3.3. TRANSMIT INTERRUPT HANDLING SUB- 
MODULE. If the Transmit Interrupt bit is set, the 
Transmit Interrupt Handling Submodule is executed 
(see figure 33). First, the address pointer to the last 
transmit descriptor ring is retrieved from the ring 
management area. This address is incremented by 
two bytes so it points to the transmit status (TMD1 ). 
Next, the transmit status is moved into a 68000 reg- 
ister. The "More" bit is checked to see if more than 
one transmission attempts were required. If so, the 
More counter in the ring management area is up- 
dated. The "One" bit is then checked to see if it took 
exactly one attempt to transmit the message. If so, 
the One counter is updated in a similar manner. 

Next, the transmit error bit is tested to see if a trans- 
mission error occurred. As with the Interrupt Error 
bit in CSRO, if this bit is not set, it is not necessary 
to check each individual error bit, but if this Error 
Summary bit is set, the program does check each 
individual error bit. It checks the errors in the follow- 
ing order : retry error, loss of carrier error, late colli- 
sion error, underflow error, and finally the buffer 
error. If any of these errors have occurred, the error 
handling subroutines are called to report and/or ser- 
vice the error-causing conditions. 

If the transmission error summary bit is not set, the 
program checks to see if the VLANCE is in the loop- 
back mode. If this is true, a copy of the starting ad- 
dress of the transmit buffer is saved so the data in 
this buffer can be compared against data in the loop- 
backed message just received. This comparison in- 
dicates loopback mode status. 

If the VLANCE is in the loopback mode, the pointer 
to the last transmit descriptor is not incremented. 



This is because the descriptor buffer must not be 
available for additional messages until data in the 
transmit buffer is compared to that in the receive 
message buffer. This comparison occurs in the Re- 
ceive Interrupt Handling Submodule of the module 
that is presently executing. At this time, the Last 
Transmit Descriptor pointer is updated. 

In all other cases, before this submodule is com- 
plete, the last descriptor address pointer is updated 
to point to the next available descriptor. When the 
last descriptor address is updated, the present ad- 
dress pointed to must be compared with the bottom 
of the ring. 

If the pointer is pointing to the bottom of the ring, it 
must not be simply incremented but, the address of 
the top of the ring must be placed in the pointer reg- 
ister. Once the Transmit Interrupt Handling Submo- 
dule is complete, the Receive Interrupt bit is 
checked in the CSRO status. 

7.3.4. RECEIVE INTERRUPT HANDLING SUB- 
MODULE. The Receive Interrupt Handling Submo- 
dule, shown in figure 34, is the most complicated 
piece of software in this program because it must 
handle loopback messages differently from a nor- 
mal received message. 

Two loopback situations can occur : One can occur 
during the diagnostic routine, and the other is the 
normal condition loopback. The latter loopback hap- 
pens when the programmer desires to have exter- 
nal or internal loopback as a normal operating 
mode. This would most likely be the case during 
debut and system integration. 

If during CSRO Status Checking the Receive Inter- 
rupt bit is set, the Receive Interrupt Handling Sub- 
module is executed the first step is to check the 
status of the receive message descriptor that the 
VLANCE has turned over to the host by retrieving 
the Receive Descriptor pointer from the ring man- 
agement area. Next, receive message descriptor 
number one (RMD1) is moved into one of the 
68000's registers and the Receive Error Summary 
bit is checked. If this bit is set, the individual error 
bits are checked to see which error, or combination 
of errors, caused the error summary bit to be set. 
Error bits are checked in the following order : frame 
error, CRC error, overflow error, and buffer error. 

If the Error Summary bit is not set, and VLANCE is 
in the loopback mode, the loopback routine is ex- 
ecuted (see figure 35). The loopback routine is still 
part of the receive interrupt routine, but is listed sep- 
arately for clarity. 
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Figure 33 : Transmit Interrupt Handling Submodule (VLANCE. LEXCEPT. XMIT). 
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Figure 34 : Receive Interrupt Handling Submodule (VLANCE. LEXCEPT. XMIT). 
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Figure 35 : Loopback Service Routine (VLANCE. LEXCEPT. RVCR. LOOPBACK). 
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7.3.4.1. Receive Interrupt Handling Submodule. 

The first step in this routine is to check the received 
message length, which must be equal to the mess- 
age sent, plus four bytes if transmit CRC is enabled. 
This is done by checking MCNT against the trans- 
mit message word (MLENGTH). The transmit mess- 
age word length is in the ring management area (see 
Ring Management). The size of the transmit mess- 
age is moved into MLENGTH when loopback oc- 
curs during the diagnostics. 

In normal operation with the application breadboard, 
an arbitrary message size can be written into 
DLENGTH, followed by pushing the message inter- 
rupt button, and a message of that data size is trans- 
mitted. 

If the message sizes do not match, an error subrou- 
tine is called. Next the packet check is made. In loop- 
back mode, transmit data chaining cannot occur and 
the maximum received message size is 36 bytes. 
The receive buffers are larger than 36 bytes and 
since there must be only one packet per message, 
the start- and end-of-packet bits must be set. If both 
are not set, an error routine is called. 

After the packet check, the receive and transmit 
buffer starting addresses are retrieved. The receive 
buffer address is taken from the receive descriptor, 
while the transmit buffer address is taken out of 
LOOPXADD from the Ring Management Area. 
LOOPXADD is moved into the Ring Management 
Area during the transmit interrupt routine. By using 
these addresses, the transmit and receive message 
data can be compared to verify proper transmission 
and reception. If any part of the message has been 
altered, an error subroutine is called. 

When the entire message has been compared, the 
program checks if it is in the diagnostic mode. As 
stated previously, a software CRC is generated for 
the test message, and is compared to VLANCE's 
hardware CRC. If any of the two do not match, an 
error subroutine is called. This comparison is only 
performed during diagnostics. If the program is in 
loopback, but not in diagnostics, this part of the rou- 
tine is omitted. 

After all comparisons are made, the transmit de- 
scriptor pointer is updated. The transmit descriptor 
pointer is not updated in the transmit interrupt rou- 
tine because the descriptor points to the transmit 
buffer needed for the loopback data comparison. If 
the transmit buffer is made available before the data 
comparison, the buffer might be written over, thus 
invalidating the comparison. 



7.3.4.2. Receive Interrupt Normal Operation. If no 

errors are detected, and the LANCE is not in loop- 
back, the receive interrupt routine proceeds nor- 
mally. A packet check then searches for any errors 
with the start-of-packet and end-of-packet bits (see 
figure 36). The ring management status register 
contains information on the status of these bits. A 
receive message coming in with the start-of-packet 
bit set and the end-of-packet bit not set indicates 
that more than one buffer contains the message. In 
this situation, the start-of-packet bit is set in the ring 
management status register. If the following de- 
scriptor contains another start-of-packet bit, an error 
flag is set since an end-of-packet has not been de- 
tected between the two start-of-packets. If the end- 
of-packet bit is set in the descriptor, the whole 
packet is received and the status register is set ac- 
cordingly. The same holds true for two end-of-pac- 
kets detected sequentially. If two end-of-packets are 
detected, without a start-of-packet in between them, 
an error flag is raised. These error flags call appli- 
cation-dependent subroutines to service the error. 

Once the packet check is complete, the received 
message is moved to an output device or to another 
memory location. Once moved, this layer of soft- 
ware no longer handles the message, instead the 
upper level software takes over. The upper level re- 
formats the message and combines messages by 
sequence number as well as routing them to their 
final destination. 

In this Application Note, the message is simply 
moved to another memory block. This can be accom- 
plished effectively by changing the receive buffer 
starting address in the receive message descriptor 
to the address of an empty memory block. Then the 
used buffer address can be passed on to the next 
software layer. The same holds for transmitted mess- 
ages. If the number of messages exceeds the num- 
ber of available buffers, the host either rejects the last 
message and waits for a free buffer or moves the 
message into an empty memory block. When a de- 
scriptor is free, the host then changes the transmit 
buffer address in the descriptor. 

The message is moved from the message buffer 
into the output memory a word at a time. Each time 
a word is moved, a count of the message length is 
decremented and checked to see if any messages 
still need to be transferred. Once the entire mess- 
age is out of the buffer, the ring management area 
is updated by moving the last receive descriptor 
pointer to the next descriptor to be used by the 
VLANCE. The VLANCE again owns the buffer. 
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Figure 36 : Packet Status Discrepancy Check Routine (VLANCE. LEXCEPT. RVCR. PACKCHECK). 
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The start bit in the ring management area under- 
goes a final check. A set bit indicates that this re- 
ceive buffer was only one of several buffers needed 
for the full message. If more buffers are associated 
with this message, a jump back to the beginning of 
the receive interrupt routine is made and the routine 
is executed again until the entire message is pro- 
cessed. If the start bit is not set, this was the only 
buffer needed for the message, thus, the routine is 
completed. 

Figure 37 : Initialization Done Interrupt Handling Submodule (VLANCE. LEXCEPT. IDON). 
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The diagnostic bit in the ring management register 
is then checked. If the VLANCE is in the diagnostic 
routine, the test done bit is set. The test done bit in- 
dicates a message has been loopbacked and 
checked and the next portion of the diagnostics may 
begin. This bit is checked after both a completed in- 
terrupt service routine and a Return From Excep- 
tion. 

At this point, all of the VLANCE's interrupting condi- 
tions have been checked and serviced. During the 
exception processing, the VLANCE's interrupting 
capabilities are disabled because another interrupt 
from the VLANCE should not be performed while 
the first one is being serviced. Since servicing is 
complete the Interrupt Enable bit can again be set 
again in CSRO. 

The module is concluded by moving the contents of 
the old registers off the stack and back into the reg- 
ister locations. A Return From Exception is then ex- 
ecuted. 

7.4. MESSAGE INTERRUPT SOFTWARE MO- 
DULE 

The Message Interrupt Software Module, shown in 
figure 38, is the routine that services the "push-but- 
ton" message generator used in Application Note's 
hypothetical design. This push button is used for 
demonstration and debugging. The software de- 
scription is included in this Application Note because 
the service routine is general enough to be adapted 
to any type of interrupt. The source of the interrupt 
may be anything, such as another processor con- 
trolling a terminal, a file server, or, as in this case, a 
push-button switch. 

There is, however, one major difference between 
this module and one used in real life. In addition to 
servicing the transmit message, this module also 
generates the message. 

This module's basic function is to fill up as many 
transmit buffers as needed for the outgoing mess- 
age, and to set the status information in the mess- 
age descriptor accordingly. 

The message interrupt is hardware set at interrupt 
level 5. Upon interrupt, the processor autovectors to 
memory location $0B00, the location of this module. 

The software first saves the contents of the old reg- 
isters and then clears the registers for use. Next, the 



message data length is retrieved from DLENGTH in 
the Ring Management Area. This message data 
length is manually written into before the message 
button is depressed. 

Next, the Descriptor Count is checked for available 
transmit buffers. If none are available, an error sub- 
routine is called, which sets an error bit in the status 
area, and the routine is over. If a buffer is available, 
the descriptor count is decremented and the Next 
Descriptor Ring address is moved into a register 
from the Ring Management Area. The Next Trans- 
mit Descriptor points to the descriptor of the next 
transmit buffer. The transmit buffer address is then 
moved in from the descriptor and reformatted for 
68000 compatability. 

A message data word is then generated. The mess- 
age consists of byte values ranging from zero to the 
hex value specified by DLENGTH. In other words, 
if the value $20 is written into DLENGTH and a 
message is generated, it consists of 32 bytes. The 
value of the first byte is $00, the second, $01, the 
third, $03, the 32nd, $1 F, and so forth. 

Each time a data word is generated, the transmit 
buffer address is incremented along with the buffer 
and message counts. The buffer count records how 
many bytes have been moved into the present 
transmit buffer. If the transmit message length ex- 
ceeds the buffer size, more then one transmit buff- 
er is used. The message count keeps track of the 
number of generated message words. If this amount 
equals DLENGTH, the message generation part of 
this module is complete. 

If the transmit buffer is full, and more data words 
need to be generated, the transmit descriptor for 
that buffer is updated, and the rest of the message 
is placed in the next available transmit message 
buffer. In this case, the first transmit descriptor has 
the start-of- packet bit set, but the end-of-packet bit 
is not set. Figure 39 shows a flow chart of the trans- 
mit descriptor update submodule. 

Once the entire message has been moved into the 
message buffer, or buffers, the last transmit descrip- 
tor is updated with the status information, along with 
a 2's complement of the number of bytes placed in 
its buffer. Finally, the old registers are retrieved, and 
a Return From Exception is executed. 
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Figure 38 : Message Interrupt Software Module 
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Figure 39 : Transmit Ring Update Submodule (MESSAGE. XMIT RING UPDATE). 
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StarLAN SYSTEM SOLUTION 



INTRODUCTION 

SGS-THOMSON Microelectronics is the only com- 
pany to manufacture a family of devices for StarLAN 
and thus provide a complete StarLAN System Sol- 
ution. Included in this StarLAN solution are the 
MK5032 - a Variable Bit-Rate LAN (Local Area Net- 
work) Controller, the MK5033 - a generic Manches- 
ter Encoder/Decoder Station chip, and the MK5030 
StarLAN Hub. Each chip has a specific purpose and 
is of course completely compatible with the other 
chips. With only the addition of simple line driver and 
receiver circuitry, a StarLAN solution can be easily 
implemented. 

This application brief is dedicated to showing how 
readily these SGS-THOMSON devices work 
together and how easy these chips make it for the 
user to implement a StarLAN solution. Not only will 
the functionality of, and the essential connections 
between, the LAN controller, the station chip, and 

Figure 1 : StarLAN Topology. 



the hub be discussed and shown, but also StarLAN 
will be described in general terms. In other words, 
this document is designed to be conceptual as well 
as realistic. 

STARLAN SYNOPSIS 

StarLAN, as the name suggests, uses a star topo- 
logy. The nodes are at the extremities of a star and 
the central point is called a hub. There can be more 
than one hub in a network. The hubs are connected 
in a hierarchical fashion resembling an inverted tree 
as shown in figure 1 . The hub at the top of the net- 
work is called the header hub (HH) and the others 
are called intermediate hubs (IH). Topological^, this 
entire network of nodes and hubs is equivalent to 
one where all the nodes are connected to a single 
hub. Also StarLAN does not limit the number of 
nodes or hubs at any given level. 
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Technically, StarLAN is a 1 Mb/s network based on 
the CSMA/CD access algorithm (Carrier Sense, 
Multiple Access with Collision Detection). 
CSMA/CD means before a node will transmit a 
packet of data, it must first detect if there is an ac- 
tive carrier already on the line. In other words, the 
node listens first. This is known as "carrier sense". 
"Multiple access" means that multiple users can ac- 
cess the LAN (at different times of course), and that 
many can receive at the same time. Consequently, 
there will be occasions in which two or more nodes 
sense an inactive carrier at nearly the same time, 
and attempt to transmit data. Collisions of data may 
occur. When a collision happens the hub will detect 
the presence of a collision, and broadcast a CP (Col- 
lision Presence) signal to all nodes. This is "collision 
detection". When a transmitting node receives a CP, 
it will terminate its transmission and retry later at a 
randomly determined time. 

For the transmission medium, StarLAN uses stand- 
ard, unshielded, twisted pair telephone wiring. Typi- 
cally, the telephone wiring connects each desk to a 
wiring closet in a star topology (from which the IEEE 
Task Force working on the standard derived the 
name StarLAN in 1 984). In fact, telephone and Star- 
LAN wiring can coexist in the same twisted pair 
bundle connecting the desk to the wiring closet. 
Abundant quantities of unused phone wiring exist in 
most office environments, particularly in the U.S. 
The StarLAN concept of wiring and networking con- 
cepts was originated by AT&T Information Systems. 

StarLAN has many advantages and is attractive for 
many reasons. First and most obvious is the fact that 
StarLAN uses telephone grade twisted pair wire for 
its transmission medium. Telephone wire is very 
economical to buy and install. Second is the in- 
stalled base of redundant telephone wirirrg in most 
buildings, enabling StarLAN to run along side the 
telephone wiring. Third is the fact that buildings are 
designed for star topology wiring. Fourth is the avai- 
lability of low cost VLSI LAN controllers like the 
MK5032, station chips like the MK5033, and hub 
chips like the MK5030. 

THE MK5032 LAN CONTROLLER 

An attractive feature of StarLAN is the availability of 
the MK5032, a VLSI LAN controller designed to 
meet the needs of a StarLAN node. The MK5032 
performs many necessary tasks that make it an 
ideal StarLAN controller. It is a fully compatible IEEE 
802.3 CSMA/CD controller and is also fully com- 
patible with the StarLAN standard. Basically the 



MK5032 simplifies the interfacing of a microcom- 
puter or a minicomputer to a local area network. The 
parallel interface of the MK5032 has been designed 
to be "friendly", or easy to interface, to many popu- 
lar microprocessors such as the 68000, 8086, 
Z8000, and the LSI-11. Furthermore, the MK5032 
with its DMA channel allows for flexibility and speed 
of communication between the MK5032 and the 
host microprocessor through shared memory loca- 
tions. 

The MK5032 supports system clocks from 1 to 
10MHz and data rates from 1 to 10Mb/s. A unique 
feature of the MK5032 is that it can do its DMA 
cycles at 1 0MHz and transmit on or receive from the 
line via the station chip at the StarLAN standard of 
1Mb/s. In addition to handling data rates of 1 and 
10Mb/s, it also supports data rates of 1.25, 1.67, 
2.50, and 5.00Mb/s if the clock rate is 10MHz. The 
MK5032 has six divide-by modes and they are 
divide-by 1 , 2, 4, 6, 8, and 10. This feature is con- 
figurable by the user and makes the MK5032 a very 
versatile device. 

THE MK5033 STARLAN STATION CHIP 

The MK5033 is a general purpose Manchester en- 
coder/decoder that incorporates several features 
that make it an ideal StarLAN station chip. It pro- 
vides all the logic necessary to interface a LAN con- 
troller to a StarLAN network. The MK5033 conforms 
to all StarLAN standards, but in addition, can sup- 
port data rates up to 2.66Mb/s. Basically it encodes 
data from a controller chip into Manchester or Dif- 
ferential Manchester data. It decodes Manchester 
or Differential Manchester data from the line trans- 
ceiver and produces NRZ data and clockfor the con- 
troller chip. Also, it detects collisions and signals the 
controller chip that a collision has occurred. 

Since the MK5033 is a generic Manchester en- 
coder/decoder, it can be used with different control- 
lers. It has an on chip crystal oscillator and can work 
in a 1 6, 1 0, 8, or 6X operation mode. Besides being 
compatible with the MK5032, the MK5033 is com- 
patible with the MK68590 LANCE and the Intel 
82586 & 82588. Also, the MK5033 supports differ- 
ent network topologies such as Star, Bus, and Point- 
to-Point. In addition, the MK5033 has several 
enhancements for StarLAN and Multi-Point-Exten- 
sion (MPE) StarLAN. These include automatic com- 
pensation for wiring reversal, an echo timer, external 
collision detect, a watchdog timer, and heartbeat, 
among others. 



2/5 



190 



^7 



SGS-TMOMSON 



APPLICATION NOTE 



THE MK5030 HUB 

The hub is the point of concentration in StarLAN. All 
the nodes transmit to the hub and receive from the 
hub. The MK5030 provides all the digital logic 
necessary to implement a twelve port hub. Essen- 
tially, it is a collision detector and a multi-port re- 
peater. The MK5030 conforms to all StarLAN 
standards, but in addition, can support data rates up 
to 2Mb/s. 

The MK5030 has many attractive features and one 
of the most unique is the fact that it allows for wiring 
line polarity reversal. This automatic compensation 
definitely reduces installation costs because when 
installing telephone wiring. It is often difficult and ex- 
pensive to maintain proper polarity on the wire pairs. 
Also, the MK5030 eases network administration by 
providing status display for line activity and jabber 
status on a per port basis. In addition, the APG 
(Automatic Preamble Generation) option allows the 
hub to replace preamble bits lost when going 
through hub stacks. Furthermore, the optional mini- 
mum-frame-length-enforcement permits reliable 
operation in an MPE (Multi-Point-Extension) envi- 
ronment. Finally, the retiming function using the ser- 
ial FIFO may be optionally bypassed. In this option, 
there are no bit delays through the hub, there are 
only gate delays. In this way, two hubs could be 
stacked, but appear as only one hub to the network. 

The MK5030 has six pin selectable modes plus a 
test mode, and these are summarized below : 



MODEO Logic(1) = 
(pin 47) Logic(O) = 

MODE 1 Logic(1) = 
(pin 46) Logic(O) = 

MODE 2 Logic(1) = 
(pin 45) Logic(O) = 

MODE 3 Logic(1) = 
(pin 44) Logic(O) = 

MODE 4 Logic(1) = 
(pin 43) Logic(O) = 

MODE 5 Logic(1) = 
(pin 42) Logic(O) = 

MODE 6 Logic(1) = 
(pin 41) Logic(O) = 



Normal Operation 
■■ Test Mode 

MK5030 is an IH 
: MK5030 is an HH 

Int. Squelch for Input Carriers 
■■ Ext. Pulse Stretcher Required 

Retimer Circuit Enabled 
: Retimer Circuit Disabled 

Carrier inputs are active high. 
: Carrier inputs are active low. 

Early preamble is enabled. 
= Auto preamble is disabled. 

Min. frame length enforced. 
: No min. frame length enforced. 



Because of these options, the MK5030 is a very ver- 
satile chip. 



The MK5030 has an upstream and a downstream 
signal processing unit. The upstream unit has 1 1 + 
1 inputs and 1 signal output and the downstream 
unit has 1 input and 12 output signals. For the up- 
stream unit, 11 + 1 means 11 channels are always 
available and 1 more may be available if the hub is 
in header hub mode. In other words, in the inter- 
mediate hub mode, 1 channel (channel 11), is 
reserved for the downlink connection from the next 
higher hub. The inputs to the upstream unit come 
from the nodes or from the intermediate hubs and 
its output goes to a higher level hub. The down- 
stream unit is connected the other way around : 
input from an upper level hub and the outputs to 
nodes or lower level intermediate hubs. 

The functions performed by the upstream unit of the 
MK5030 are basically collision detection, Collision 
Presence signal generation, signal retiming, and ex- 
ecution of the jabber function. The collision detec- 
tion in the hub is done by sensing the activity on the 
inputs. If there is activity (or transmissions) on more 
than one input, it is assumed that more than one 
node is transmitting. This is a collision. If a collision 
is detected, a special signal called the Collision 
Presence signal is generated by the hub and sent 
out as long as activity is sensed on any of the input 
lines. This signal is interpreted by every node as an 
occurrence of a collision. When there is activity only 
on one input, signal retiming is performed by the 
hub. The signal is cleaned up of any jitter and sent 
out. The jabber function performed by the hub iso- 
lates network failures. If a node transmits for greater 
than 27ms, (which allows twice its normal maximum 
frame size), the hub exercises its jabber function to 
disable the node from interfering with any other 
transmissions. It sends a CP (Collision Presence) 
signal. If that node continues to transmit for up to a 
total time of 54ms, the hub will disable its input from 
that node. In this manner, the faulty station is 
removed from the network and the node is said to 
be "jabbed". The jammed station can be let back 
onto the network, but only after it goes idle. Thus the 
MK5030 automatically takes care of the jabber func- 
tion and makes maintenance of the network easy. 
Like the upstream unit, the downstream unit has its 
own particular function. The downstream unit es- 
sentially just retimes the signal received at the inpuj, 
and sends it to all outputs. Figure 2 shows the es- 
sential connections between the MK5032 LAN Con- 
troller, the MK5033 Station chip, and the MK5030 
Hub. 
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Figures 3A and 3B show the typical line driver and 
receiver circuitry needed to properly execute Star- 
LAN. Every port must have this circuitry. SN75172 
and SN75173 devices are commonly used for the 
drivers and receivers, respectfully. Physically, each 
input to the receivers and each output of the drivers 
consist of one twisted pair wire carrying a differen- 
tial signal. The drivers and receivers associated with 
the MK5033 Station chip are located on the same 
board as the MK5033 and the MK5032 whereas the 
drivers and receivers associated with the MK5030 
Hub are located in the wiring closet with the 
MK5030. The main advantage of having external 
line drivers and receivers as opposed to on-chip line 

Figure 3A : Driver Circuitry. 



drivers and receivers is that in the event of catastro- 
phic conditions on the line, just the line drivers and 
receivers need be replaced instead of the more ex- 
pensive station chips. 

CONCLUSION 

The MK5032 LAN Controller, the MK5033 Station 
chip, and the MK5030 Hub are fully compatible with 
one another, and make it easy to implement a Star- 
LAN network. With the MK5032, the MK5033, and 
the MK5030, SGS-THOMSON Microelectronics 
provides a StarLAN System Solution. 
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MANCHESTER ENCODER/ 
DECODER INTERFACE SOLUTIONS 



INTRODUCTION 

SGS-THOMSON Microelectronics provides two 
LAN Controllers and four Manchester En- 
coder/Decoder chips to meet system designer's 
needs. The MK5032 Variable Bit-Rate LANCE and 
the MK68590 LANCE™ are the LAN controllers. 
The Manchester encoder/decoder devices are the 
MK5033, the MK5035, the MK50351, and the 
MK68591 12 SIA Serial Interface Adapter). This wide 
selection makes implementation of Ethernet and 
StarLAN easy. Also, the versatility of these devices 
allows them to be used in many different applica- 
tions. 

PURPOSE 

This application brief is designed to show the main- 
stream connections between the appropriate LAN 
controllers and the appropriate Manchester en- 
coder/decoders. Since three of the Manchester en- 
coder/decoders are fully compatible with Intel LAN 
controllers, these interfaces will also be shown. In 
all, 12 different interfaces will be presented. 

THE LAN CONTROLLERS 

The MK5032 VLANCE and the MK68590 LANCE 
are IEEE 802.3 CSMA/CD LAN controllers de- 
signed to simplify the interfacing of a microcomputer 
or a mini-computer to a local area network. These 
devices are identical in every facet except the 
MK5032 is a true variable bit-rate controller. There- 
fore, a discussion of their clock and data rate oper- 
ation is warranted. 

MK5032 CLOCK AND DATA RATE OPER- 
ATION 

The MK5032 VLANCE supports system clocks 
from 1 to 10MHz and data rates from 1 to 10Mb/s. 
The big advantage of the MK5032 is that the data 
rate and system clock are independent. For 
example, the MK5032 can perform DMA transfers 
at 10MHz and transmit and receive data at 1Mb/s. 
This is accomplished because the MK5032 can 



divide the system clock rate to give the desired data 
rate. It has six divide-by modes - divide-by 1 , 2, 4, 
6, 8, and 1 0. The divisor is selected by programm- 
ing bits 1 - 07 in the mode register in the initializa- 
tion block. Figure 1 shows this 16-bit wide mode 
register. 



Figure 1 : Mode Register for MK5032. 
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The bits involved in selecting the divisor are bits 
10-07. Bits 10-08 are known as the 'RAT (rate) 
bits. Bit 07 is known as the MAN (Manchester) bit. 
Table 1 shows how to configure these 'RAT bits in 
order to select the desired divisor and thus desired 
data rate. For the MAN bit to be active, at least one 
of the 'RAT' bits must be set to a '1 '. When the MAN 
bit is set and at least one 'RAT bit is set, the serial 
transmit data stream will be Manchester encoded 
data. (When using SGS-THOMSON Microelectro- 
nics Manchester encoder/decoders, the MAN bit 
does not need to be set). Consult the MK68590 
Technical Manual for further details on the other bits 
in the mode register. 

Table 1 : Configuration of "RAT" Bits for Divisor 
Selection. 



RAT2 


RATI 


RAT0 


Divisor 











1 . 








1 


2 





1 





4 





1 


1 


6 


1 








8 


1 





1 


10 



LANCE is a trademark of SGS-THOMSON Microelectronics. 
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MK68590 CLOCK AND DATA RATE OPER- 
ATION 

The MK68590 LANCE has dependent system clock 
and data rate operation. The speed at which the 
LANCE transmits and receives data is the same 
speed at which it does DMA transfers. The LANCE 
supports system clock rates from 1 to 10MHz and 
data rates from 1 to 1 0Mb/s. Designed for Ethernet, 
the LANCE performs at optimum efficiency with a 
10MHz system clock and 10Mb/s data rate. Sn a 
StarLAN application, the LANCE performs DMA 
transfers at 1 MHz and transmits and receives data 
at1Mb/s. 

The mode register in the initialization block used for 
the MK68590 LANCE is shown in figure 2. It is ident- 
ical to the mode register shown in figure 1 except 
bits 1 - 07 are reserved like bits 14-11. Since the 
MK68590 Technical Manual dictates these bits be 
set to zero for normal operation, the MK5032 can 
be "plugged-in" for the MK68590 and the MK5032 
will be in Ethernet mode. Therefore, no software 
changes are necessary for the MK5032 in Ethernet 
mode if the reserved bits have previously been writ- 
ten as '0's'. 

Figure 2 : Mode Register for MK68590. 
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THE MANCHESTER ENCODER/DE- 
CODERS 

To interface these LAN controllers to the physical 
transmission media, SGS-THOMSON Microelec- 
tronics offers four Manchester encoder/decoder de- 
vices. Each device has different features and 
options that make it better suited for certain applica- 
tions. The following is a summary of the operation 
of these devices. 



MK5033 OPERATION 

The MK5033 has the option of four different modes 
of operation. In addition to a production test mode, 
the MK5033 has three other modes which enable it 
to be used with different LAN controllers. By con- 
necting the CMODE0 pin and the CMODE1 pin in 
the appropriate way, the MK5033 can easily inter- 
face with the MK5032 VLANCE, the MK68590 
LANCE, and the Intel 82586 and 82588. These 
"controller mode" pins, when configured correctly, 
correct for the proper polarity needed for these dif- 
ferent interfaces. Table 2 shows how to configure 
the CMODE0 and CMODE1 pins to select the 
desired mode of operation. 

Table 2 : MK5033 "CMODE" Pin Values for 
Controller Selection. 



CMODE0 


CMODE1 


Mode of Operation 








Production Test Mode 





1 


Intel 82586/82588 


1 





MK5032 


1 


1 


MK68590 



Another option offered by the MK5033 is the selec- 
tivity of the data rate. This optional data rate selec- 
tion is possible because the MK5033 has an internal 
clock divisor which divides the crystal (clock) rate by 
a factor of 1 6, 1 0, 8, or 6. By connecting the XSELO 
pin and the XSEL1 pin the appropriate manner, the 
desired clock divisor can be selected. Table 3 shows 
how to configure the XSELO and XSEL1 pins to give 
the desired clock divisor. Typically a 6.0, 8.0, 10.0, 
or 16.0MHz crystal (clock) rate is applied to the 
MK5033. As for the data rate, the MK5033 can sup- 
port data rates up to 2.66Mb/s. 



Table 3 : MK5033 "XSEL" 
Selection. 



Pin Values for Divisor 



XSELO 


XSEL1 


Divisor 





1 
1 




1 



1 


16 
10 
8 
6 



2/7 



196 



Gi 



SGS-THOMSON 



APPLICATION NOTE 



MK5035 AND MK50351 OPERATION 

The MK5035 and MK50351 are subsets of the 
MK5033 designed for more specific applications. As 
a result, they are very similar devices. Both have a 
CMODE pin and a XSEL pin which, when properly 
configured, allow LAN controller and divisor selec- 
tion, respectively. Again, the CMODE pin, when 
configured properly, corrects for the proper polarity 
needed for different interfaces. The MK5035 is com- 
patible with the MK68590 LANCE and the Intel 
82586 and 82588. The MK50351 is compatible with 
the MK5032 VLANCE and the Intel 82586 and 
82588. Tables 4 and 5 show how to configure the 
CMODE pin and the XSEL pin for the MK5035 in 
order to select the desired mode of operation and 
clock divisor, respectively. 

Table 4 : MK5035 CMODE Pin Values for 
Controller Selection. 



Table 7 : MK50351 XSEL Pin Values for Divisor 
Selection. 



CMODE 


Mode of Operation 





Intel 82586/82588 


1 


MK68590 


Table 5 : MK5035 "XSEL" Pin Values for Divisor 
Selection. 


XSEL 


Divisor 



1 


8 
6 



Tables 6 and 7 show how to configure the CMODE 
pin and the XSEL pin for the MK50351 in order to 
select the desired mode of operation and clock divi- 
sor, respectively. 



Table 6 : 



MK50351 CMODE Pin Values for 
Controller Selection. 



CMODE 


Mode of Operation 





Intel 82586/82588 


1 


MK5032 



One difference between these parts is that the 
MK5035 has clock divisors of 8 and 6 whereas the 
MK50351 has clock divisors of 10 and 8. Typically 
a 6.0 or 8.0MHz crystal (clock) rate is applied to the 
MK5035 and an 8.0 or 10.0MHz crystal (clock) rate 
is applied to the MK50351 . Both of these devices 
support data rates up to 2.66Mb/s. 



XSEL 


Divisor 





8 


1 


10 



MK68591/2 OPERATION 

The MK68591/2 SIA uses a 20MHz fundamental 
mode crystal oscillator for its basic timing reference. 
It divides this clock by 2 to create transmit clock 
(TCLK) reference which in turn is used by the 
LANCE and VLANCE to drive their internal state 
machines. Also, TCLK is used by the receive sec- 
tion of the SIA. Designed with Ethernet in mind, the 
SIA provides the interface between the TTL logic en- 
vironment of the VLANCE and LANCE and the dif- 
ferential signaling environment in the transceiver 
AUI cable. 

LAN CONTROLLER - MANCHESTER EN- 
CODER/DECODER INTERFACES 

The following is a summary of interfaces between 
the appropriate LAN controllers and the appropriate 
Manchester encoder/decoders. Figure 1 and table 
1 should be referred to when MK5032 divisor selec- 
tion is mentioned. Likewise table 3, 5, or 7 should 
be referred to when Manchester encoder/decoder 
divisor selection is mentioned. 

THE MK5032 ■ MK5033 INTERFACE 

Figure 3 shows the interface between the MK5032 
VLANCE and the MK5033. In this configuration, the 
MK5032 performs DMA transfers at the crystal 
(clock) rate of the MK5033 ; therefore, either a 6.0, 
8.0, or 10.0MHz crystal (clock) rate should be ap- 
plied to the MK5033. For example, a 1 0MHz crystal 
(clock) can be applied to the MK5033 and XSEL0 
can be set to '1 ' and XSEL1 can be set to '0' giving 
a crystal (clock) divisor of 8. This results in a data 
rate of 1 .25Mb/s. For the MK5032 the appropriate 
bits in the mode register in the initialization block 
must be set to alert the MK5032 of the desired divi- 
sor of 8. As a result, the MK5032 will transmit and 
receive data at 1 .25Mb/s and perform DMA trans- 
fers at 1 0MHz. 



Gi 



SGS-THOMSON 

RfflD(gli@I[LI(gT^©ilgl 



3/7 



197 



APPLICATION NOTE 



Figure 3 : MK5032-MK5033 Interface. 







Of course the interface between the MK5032 and 
the MK5033 can be configured for StarLAN. In this 
application, the MK5032 can perform DMA transfers 
at 10MHz while transmitting and receiving at the 
StarLAN standard of 1 Mb/s. The appropriate divi- 
sors must be selected. 

THE MK5032 - 50351 INTERFACE 

Figure 4 shows the interface between the MK5032 
VLANCE and the MK50351. In this interface, the 
MK5032 again performs DMA transfers at the crys- 
tal (clock) rate of the Manchester encoder/decoder 
; therefore, either an 8.0 or 10.0MHz crystal (clock) 
rate should be applied to MK50351 . In atypical Star- 
LAN application, a 10MHz crystal (clock) rate is ap- 
plied to the MK50351 and the XSEL pin is set to a 
'1' giving a clock divisor of 10. The corresponding 
data rate is 1 Mb/s. For the MK5032, the appropri- 
ate bits in the mode register in the initialization block 
are set to alert the MK5032 of the desired divisor 
of 1 0. As a result, the MK5032 performs DMA cycles 
at 10MHz and transmits and receives at the Star- 
LAN standard of 1 Mb/s. 

Figure 4 : MK5032-MK50351 Interface. 




THE MK5032 - MK68591/2 INTERFACE 

Besides being fully compatible with the StarLAN 
standard, the MK5032 is also completely com- 
patible with the Ethernet standard. Therefore, the 
MK5032 can be used with the MK68591/2 SIA to 
implement Ethernet. Figure 5 shows the interface 
between the MK5032 and the MK68591/2. In this 
application, the 20MHz crystal applied to the SIA is 
divided by two. This 10MHz signal is fed to the 
MK5032 resulting in a 10MHz system clock (SCLK) 
rate for the MK5032. By writing '0's' to bits 10-07 
in the mode register for the MK5032, the appropri- 
ate divisor of 1 can be selected to give the desired 
data rate of 10Mb/s. In this manner, the MK5032 
performs DMA transfers at 10MHz and transmits 
and receives at 10Mb/s. 

Figures : MK5032-MK68591/2 Interface. 




THE MK68590 - MK5033 INTERFACE 

Figure 6 shows the interface between the MK68590 
LANCE and the MK5033. Since the LANCE is not a 
true variable bit-rate controller, it performs DMA 
cycles at the speed at which it transmits and re- 
ceives. For example, if a 16MHz crystal (clock) is 
applied to the MK5033 and the XSEL0 pin is set to 
'1 ' and the XSEL1 pin is also set to '1 ' giving a clock 
divisor of 6, the corresponding data rate will be 
2.66Mb/s. As a result, the LANCE performs DMA 
cycles at 2.66MHz as well as transmits and receives 
dataat2.66Mb/s. 

Of course this configuration can also be used for 
StarLAN. In this application, the appropriate divisor 
must be selected by properly configuring the XSEL0 
and XSEL1 pins. The LANCE performs DMA trans- 
fers at 1 MHz and transmits and receives data at the 
StarLAN standard of 1Mb/s. 
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Figure 6 : MK68950-MK5033 Interface. 
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THE MK68590 - MK5035 INTERFACE 

Figure 7 shows the interface between the MK68590 
LANCE and the MK5035. This interface is similar to 
the LANCE-5033 interface in the fact that the 
LANCE performs DMA cycles at the same speed at 
which it transmits and receives. In a StarLAN appli- 
cation with this configuration, the LANCE performs 
DMA transfers at 1 MHz and transmits and receives 
at the StarLAN standard of 1 Mb/s. Again, the appro- 
priate divisor must be selected. 

Figure 7 : MK68590-MK5035 Interface. 




THE MK68590 - MK68591/2 INTERFACE 

Figure 8 shows the interface between the MK68590 
and the MK68591 12. This interface was designed for 
Ethernet. In this alignment, the 20MHz crystal ap- 
plied to the SIA is divided by two. This 10MHz sig- 



nal is fed to the LANCE giving the LANCE a 10MHz 
system clock (TCLK). This causes the LANCE to 
also transmit and receive at the Ethernet standard 
of10Mb/s. 

Figure 8 : MK68590-68591/2 Interface. 
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THE INTEL 82586/88 - MK5033/35/351 IN- 
TERFACES 

Figures 9-14 show the Intel 82586/88 - 
MK5033/35/351 interfaces. These interfaces are 
selectable by the CMODEO and CMODE1 pins on 
the MK5033 and the CMODE pin on the MK5035 
and the MK50351 . Also, the XSELO and XSEL1 pins 
on the MK5033 and the XSEL pin on the MK5035 
and the MK50351 allow for easy interface. All of 
these interfaces can be easily configured to execute 
StarLAN. 

Figure 9 : 82586-MK5033 Interface. 
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Figure 10 : 82586-MK5035 Interface. 



Figure 13 : 82588-MK5035 Interface. 




Figure 11 : 82586-MK50351 Interface. 



Figure 14 : 82588-MK50351 Interface. 
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Figure 12 : 82588-MK5033 Interface. 



Figure 15 : Crystal Connection. 
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CRYSTAL CONNECTION 

All of the Manchester encoder/decoder devices dis- 
cussed in this application brief use a fundamental 
mode crystal oscillator for the basic timing ref- 
erence. Figure 1 5 shows typical crystal interface cir- 
cuitry. 

If a crystal is not connected to the X1 and X2 pins, 
a square wave with TTL levels can be connected to 
X1 . X2 should be left disconnected in this case. 



CONCLUSION 

With the selection of the LAN controllers and the 
Manchester encoder/decoder devices that SGS- 
THOMSON Microelectronics offers, system de- 
signers have a wide range of flexibility. Ethernet and 
StarLAN are made easy to implement. In addition, 
the versatility of these chips allow them to be de- 
signed-in in many applications. 
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CCITT X.25 LINK LEVEL CONTROLLER 



PRELIMINARY DATA 



CMOS 

FULLY COMPATIBLE WITH BOTH 8-BIT OR 
16-BIT SYSTEMS 
SYSTEM CLOCK RATE TO 1 0MHz 
DATE RATE UP TO 7Mbps, WITH A 64-BYTE 
FIFO IN EACH DIRECTION 
COMPLETE DATA LINK LAYER IMPLEMEN- 
TATION 

COMPATIBLE WITH X.25 LAPB, ISDN LAPD, 
X.32, AND X.75 LINK LEVEL PROTOCOLS 
48-PIN DIP NEARLY PIN-FOR-PIN COM- 
PATIBLE WITH THE LANCE CHIP (MK5032) 
BUFFER MANAGEMENT INCLUDES : 
_ initialization block 
_ separate receive and transmit rings 
_ variable descriptor ring and window size 
ON CHIP DMA CONTROL WITH PROGRAMM- 
ABLE BURST LENGTH 

SELECTABLE SINGLE OR EXTENDED CON- 
TROL FIELD 

PROGRAMMABLE 1 BYTE OR 2 BYTES AD- 
DRESS FIELD AND GLOBAL ADDRESS 
TRANSPARENT MODE WITH OR WITHOUT 
ADDRESS FILTERING ALLOWS DISABLING 
X.25 PROCESSING FOR CUSTOMIZED AP- 
PLICATIONS 

HANDLES ALL HDLC (ADCCP) FRAME FOR- 
MATTING : 

_ zero bit insert and delete 
_ FCS generation and detection 
_ frame delimiters by flags 
FIVE PROGRAMMABLE TIMER/COUNTERS : 
T1.T3, TP, N1, N2 

HANDLES ALL ERROR RECOVERY, SE- 
QUENCING, AND S AND U FRAME CONTROL 
SELECTABLE FCS OF 16 OR 32 BITS 
DATA LINK SERVICES : 
_ compatible with ISO data link services 
_ compatible with LAPD data link services 
TESTING FACILITIES : 

- built-in self test facility 

- 4 loopback modes 

ALL INPUTS AND OUTPUTS ARE TTL COM- 
PATIBLE 

PROGRAMMABLE FOR FULL OR HALF DU- 
PLEX OPERATION 

PROGRAMMABLE MINIMUM FRAME SPAC- 
ING ON TRANSMIT (flags between frames) 




^^ 



CDIP-48 PLCC52 

(Order Codes at the end of the datasheet) 



Figure 1 : MK5025 Dual in Line Pin Configuration. 
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47 ] DAL08 

] DAL09 

] DAL10 

44 ] DAL11 
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26 ] DTR.RTS 
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GENERAL DESCRIPTION 

The SGS-THOMSON X.25 Link Level Controller 
(MK5025) is a VLSI semiconductor device which 
provides a complete link level data communication 
control conforming to the 1984 CCITT version of 
X.25. This includes frame formatting, transparency 
(so-called "bit-stuffing"), error recovery by retrans- 
mission, sequence number control, U (unnum- 
bered) frame control, and S (supervisory) frame 
control. The MK5025 also supports X.32 (XID), 
X.75, and ISDN LAPD. The MK5025 may be used 
with any of several popular 16 and 8 bit micropro- 
cessors, such as 68000, 6800, Z8000, Z80, LSI-1 1 , 
8086, 8088, 8080, etc. 



Figure 2 : MK5025 Chip Carrier Pin Configuration. 
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4* ] DAL15 
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PIN DESCRIPTIONS 

DAL <07 : 00> (Input/Output ; 3-State). The time 
multiplexed Data/Address bus. During the address 
portion of the memory transfer, DAL <07 : 00> con- 
tains the lower 8 bits of the memory address. During 
the data portion of the memory address. During the 
data portion of a memory transfer, DAL <07 : 00> 
contains the read or write data, depending on the 
type of transfer. 

READ (Input/Output ; 3-State). READ indicates the 
type of operation that the bus controller is perfor- 
ming during a bus transaction. READ is driven by 
the MK5025 only while it is the BUS MASTER. 
READ is valid during the entire bus transaction and 
is tristated by the MK5025 at all other times. 
_ MK5025 as a Bus Slave 

READ = HIGH - Data is placed on the DAL lines 

by the chip. 
READ = LOW - Data is taken off the DAL lines 
by the chip. 
_ MK5025 as a Bus Master 

READ = HIGH - Data is taken off the DAL lines 

by the chip. 
READ = LOW - Data is placed on the DAL lines 
by the chip. 

INTR (Output ; Open Drain). INTERRUPT is an at- 
tention interrupt line that indicates that one or more 
of the following CSR0 status flags is set : MISS, 
MERR, ROR, TUR, RINT, TINT OR PINT. INTER- 
RUPT is enabled by CSR0<09>, INEA=1 . 

DAU (Output ; 3-State). D AL IN is an external bus 
transceiver control line. DALI is driven by th e 
MK5025 only while it is the BUS MASTER. DALI is 
asserted by MK5025 when it reads from the DAL 



lines during the data portion of a READ transfer. 
DALI is not asserted during a WRITE transfer. 

DALO (Output ; 3-State). D AL OU T is an external 
bus transceiver control line. DALO is driv en by th e 
MK5025 only while it is the BUS MASTER. DALO is 
asserted by MK5025 when it driven the DAL lines 
during the data portion of a READ transfer or for the 
duration of a WRITE transfer. 

DAS (Input/Output ; 3-State). DATA STROBE 
defines the data portion of a bus transaction. By de- 
finition data is stable and valid at the low to high tran- 
sition of DAS. This signal is driven by the MK5025 
while it is the BUS MASTER. During Bus Slave oper- 
ations, this pin is used as an input. At all other times 
the signal is tristated. 

BMO, BYTE, BUSREL (Input/Output ; 3-State). I/O 
pins 15(16) and 16(18) are programmable through 
CSR4. If bit 06 of CSR4 is set to a one, pin 1 5 (1 6) 
becomes input BUSREL and is used by the host to 
signal the MK5025 to terminate a DMA burst after 
the current bus transfer has co mplet ed. If bit 06 is 
clear the pin 1 5 (1 6) is the output BM0, and behaves 
as described below for pin 1 6 (1 8). 

BM1,BUSAKO (Output ; 3-State). Pin 15(16) and 

16 (18) are programmable through bit 00 of CSR4 
(BCON). 

If CSR4 <00> BCON^ 0, 

I/O Pin 15 (16) = BMO (Output ; 3-State) 
I/O Pin 16 (18) = BM1 (Output ; 3-State) 

BYTE MASK <1 : 0> Indicates the byte(s) on the 
DAL to be read or written during this bus transition. 
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PIN DESCRIPTIONS (continued) 

MK5025 drives these lines only as a Bus Master. 
MK5025 ignores the BM lines when it is a Bus Slave. 

Byte selection is done as outlined in the following 

table : 

BM1 BMO 

LOW LOW 

LOW HIGH 

HIGH LOW 

HIGH HIGH 



Entire Word 

Upper Byte (DAL <15 : 08>) 

Lower Byte (DAL <07 : 00>) 

None 



lfCSR4<00>BCON = 1, 

I/O Pin 1 5 (1 6) = BYTE (Ou tput ; 3-State) 
I/O Pin 16 (18) = BUSAKO (Output) 

Byte selection is done using the BYTE line and 
DAL <00> latched during the address portion of Jhe 
bus transaction. MK5025 drives BYTE only as a Bus 
Master and ignores it when a Bus Slave. Byte se- 
lection is done as outlined in the following table : 

BYTE DAL <00> 

LOW LOW Entire Word 

LOW HIGH Illegal Condition 

HIGH LOW Lower Byte 

HIGH HIGH Upper Byte 

BUSAKO is a bus request daisy chain output. If 
MK50 2 5 is not re questing the bus and it receives 
HLDA, BUSAKO will be driven lo w. If MK 5 025 is re- 
questing the bus when it receives HLDA, BUSAKO 
will remain high. 

HOLD, BUSRQ (Input/Output ; Open Drain). 
Pin 17 (19) is configured through bit of CSR4. 

If CSR4 <00> BCO N = 
I/O Pin 17 (19) = HOLD 



HOLD request is asserted by MK5025 when it re- 
quire saDMA cy cle rega rdless of the previous state 
of the HOLD pin. HOLD is held low for the entire en- 
suing bus transaction. 

If CSR4 <00> BCO N = 1 
I/O Pin 17 (19) = BUSRQ 



BUSRQ is asserted by the MK502 5 when it requires 
a DM A cycle i f the prior state of the BUSRQ pin was 
high. BUSRQ is held low for the entire ensuring bus 
transaction. 

ALE, AS. Address Latch Enable, Address Strobe 

(Output ; 3-State). The active level of Address 
Strobe is programmable through CSR4. The ad- 
dress portion of a bus transfer occurs while this sig- 



nal is at its asserted level. This signal is driven by 
the MK5025 while it is the BUS MASTER. At all other 
times, the signal is tristated. 

If CSR4 <00> ACON = 
I/O PIN 18 (20)= ALE 

Address Latch Enable is used to demultiplex the 
DAL lines and define the address portion of the 
transfer. As ALE, the signal transitions from high to 
low during the address portion of the transfer and 
remains low during the data portion. 

lfCSR4<00>ACOISU1, 
I/O Pin 18 (20) = AS 

As AS, the signal pulses low during the address por- 
tion of the bus transfer. The low to high transition of 
AS can be used by a slave device to strobe the ad- 
dress into a register. 

HLDA. Hold Acknowle dge (In put). H old Ack nowl- 
edge is the response to HOLD. When HLDA is low 
in response to MK5025's assertio n of HOLD, the 
MK5025 is the Bus Master . HLDA should be disas- 
serted ONLY after HOLD has been released by 
MK5025. 

CS. Chip Select (Input). Chip Select indicates, 
when low, that the_MK5025 is the slave device for 
the data transfer. CS must be valid throughout the 
entire transaction. 

ADR. Address (Input). Address selects the Regis- 
ter Address Port or the Register Data Port. It must 
be valid throughout the data portion of the transfer 
and is only used by the chip when CS is low. 

ADR PORT 

LOW Register Data Port 

HIGH Register Address Port 



READY (Input/Output ; Open D rain). When the 
MK5025 is a Bus Master, READY is an asynchron- 
ous acknowledgement from the bus memory that 
memory will accept data in a WRITE cycle or that 
memory has put data on the DAL lines in a READ 
cycle. 

As a Bus Slave, the MK5025 asserts READY when 
it has put data on the DAL lines during a READ cycle 
or is about to t ake data from the DAL lin es du ring a 
WRITE cycle. READ Y is a response to DAS and it 
will be negated after DAS is negated. 
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PIN DESCRIPTIONS (continued) 

RESET (Input).' RESET is the Bus signal that will 
cause MK5025 to cease operation, clear its internal 
logic and enter an idle state with the STOP bit of 
CSRO set. 



TCLK. Transmit Clock (Input). A 1 X clock input for 
tra nsmitt er timing. TD chang es on the falling edge 
of TCLK. The frequency of TCLK may be up to 
7Mbps. 

DTR, RTS. Data Terminal Ready, Request to Send 
(Input/Output). Modem Control Pin. Pin 26 (29) is 
configurable through CSR5. This pin can be pro- 
grammed to behave as output RT S or a s programm- 
able I/O in DTR. If configured as RTS, the MK5025 
will assert this pin if it has data to send and 
throughout transmission of a frame. 

RCLK. Receive Clock (Input). A 1X clock input for 
receiv er timing. RD is sa mpled on the rising edge of 
RCLK. The frequency of RCLK may be up to 7MHz. 

SYSCLK. System Clock (Input). Used for internal 
timing of the MK5025. SYSCLK should be a square 
wave, and be greater than 500KHz and less than 
10MHz. 

TD. Transmit Data (Output). Transmit serial data 
output. 



DSR, CTS. Data Set Ready, Clear to Send 

(Input/Output). Modem Control Pin. Pin 30 (33) is 
configurable through CSR5. This pin can be pro- 
grammed to behave as input CT S or a s programm- 
able I/O pin DSR. If confi gured as CTS, the MK5025 
will transmit all 1 's while CTS is high. 

RD. Receive Data (Input). Received serial data 
input. 

A <23 : 1 6> (Output ; 3-State) . Address bits <23 : 1 6> 
used in conjunction with DAL <1 5 : 00> to produce a 
24-bit address. MK5025 drives these lines only as a 
Bus Master. 

DAL <15 : 08> (Input/Output ; 3-State). The time 
multiplexed Data/Address bus. For 1 6-bit operations, 
DAL <15 : 08> behaves similar to DAL <07 : 00> 
above for the high byte of data or the middle byte of 
the 24-bit address. For 8-bit operations, 

DAL <15 : 08> behaves similar to A <23 : 1 6> for 
the middle byte of the 24-bit address only. 

Vss. Digital circuit ground pins. 

Vcc. Main power supply pin (5V ± 5%). 



OPERATIONAL DESCRIPTION 

The SGS-THOMSON X.25 Link Controller 
(MK5025) device is a VLSI product intended for data 
communication applications requiring X.25 link level 
control (LAPB). The MK5025 will perform all frame 
formating, such as frame delimiting with flags, FCS 
generation and detection, as well as zero-bit inser- 
tion and delection for transparency. The MK5025 
also includes a buffer management mechanism that 
allows the user to transmit and/or receive multiple 
packets. Contained in the buffer management is an 
on-chip dual channel DMA : one channel for receive 
and one channel for transmit. The MK5025 handles 
all supervisory (S) and unnumbered (U) frames as 
shown in table 2 and table 3. 

The MK5025 is intended to be used with any popu- 
lar 16 or 8 bit microprocessor. A possible system 
configuration for the MK5025 is shown in Figure 3. 

The MK5025 will move multiple blocks of receive 
and transmit data directly into and out of memory 
through the Host's bus. An I/O acceleration proces- 
sor can be used to off-load Network Level software 



from the Host. The I/O acceleration processor in 
Figure 3 is recommended, but not required. 

All signal pins on the MK5025 independent of the 
physical interface. As shown in Figure 3, line drivers 
and receivers are used for electrical connection to 
the physical layer. 

The MK5025 is mode up of functional blocks shown 
in Figure 4 and the MK5025 is made up of functional 
blocks shown in Figure 4 and described in the fol- 
lowing paragraphs. 

Microcontroller. 

The microcontroller is the brain of the MK5025. It 
controls all of the other blocks and contains most of 
the protocol processing. All frame content process- 
ing as well as S and U frame processing and gener- 
ation is performed by the microcontroller. All 
primitive processing and generation is also done 
here. The microcode ROM contains the control pro- 
gram for the microcontroller. 
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OPERATIONAL DESCRIPTION (continued) 
Figure 3 : Possible System Configuration for the MK5025. 
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OPERATIONAL DESCRIPTION (continued) 
Figure 4 : Simplified Block Diagram. 



A A 

8* 



O 



^ ♦ ♦ ♦ A A 



DMA 
CONTROLLER 



c 



}t H 



♦ ♦ A 

IS 



M M }t W 



n a 



a it 



RECEIVER 
FIFO 



3 



TRANSMITTER 
FIFO 



TRANSMITTER 



LOOPBACK TEST 



The MK5025 can interface with the host bus in two 
ways : either as bus master or as a bus peripheral. 
The MK5025 contains a dual channel DMA on chip 
to handle data transfers to and from the host mem- 
ory. All access to the initialization block and descrip- 
tor rings is handled in this way. The address but is 
24 bits wide and does not use any segmentation or 
paging methods. Data transfers can optionally be 8 
and 16 bit operations, this allows easy interfacing 
with both 8 and 1 6 bit processors. DMA transfers can 
be up to 1 , 8 or an unlimited number of words per- 
transfer under program control. In bus slave mode 



the MK5025 allows access to its 6 control/status reg- 
isters which are used to monitor and control the chip. 
These registers are used to control link procedures, 
configure interface options, control and monitor in- 
terrupt status, and more. Bus slave mode also 
allows both 8 and 1 6-bit accesses. 

DMA Controller. 

The MK5025 has an on-chip DMA Controller circuit. 
This allows it to access memory without requiring 
host software intervention. Whenever the MK5025 
requires access to the host memory it will negotiate 
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OPERATIONAL DESCRIPTION (continued) 

for mastership of the bus. Upon gaining control of the 
bus the MK5025 will begin transferring data to or from 
memory. The MK5025will perform memory transfers 
until either it has nothing more to transfer, it has 
rea ched its D MA burst limit (user programmable), or 
the BUSREL pin is driven low. In any case it will com- 
plete all bus transfers before releasing bus master- 
ship back to the host. If, during a memory transfer, 
the memory does not respond within 256 SCLK 
cycles, the MK5025 will release ownership of the bus 
immediately and the MERR bit will be set in CSRO. 
The DMA burst limit can be programmed by the user 
through CSR4. In 16 bit mode th limit can be set to 
1 word, 8 words, or unlimited word transfers. In 8 bit 
mode, it can be set to 2 bytes, 1 6 bytes, or unlimited 
byte transfers. For high speed data lines 
(i.e. > 1 Mbps) a burst limit of 8 words, 1 6 bytes or un- 
limited is suggested to allow maximum throughput. 

The byte ordering of the DMA transfers can be pro- 
grammed to account for differences in processor 
architectures or host programming languages. Byte 
ordering can be programmed seperately for data 
and control information. Data information is defined 
as all contents of data buffers ; control information 
is defined as anything else in the shared memory 
space (i.e. initialization block, descriptors, etc). For 
more information see "Control and Status Regis- 
ter 4" description. 

Serial Interface. 

The MK5025 provides two seperate serial chan- 
nels ; one for received data and one for transmitted 
data. These serial channels are completely sep- 
erate and may be run at different clock frequencies 
up to 7MHz. The receiver is responsible for recog- 
nizing frame boundaries, removal of inserted zeroes 
(for transparency), and checking the incoming FCS. 
Frames with incorrect FCS values are discarded. 
The receiver also parallelizes the incoming data 
which is placed into the receive data buffers within 
the receive descriptor ring. The receiver also recog- 
nizes link idle and frame abort sequences. The 
transmitter is responsible for framing and serializing 
the data frames placed in the transmit descriptor 
ring. The transmitter calculates the FCS of the out- 
going data and appends it to the data. The transmit- 
ter generates flag sequences for interframe fill, at 
least two flags are transmitted between adjacent 
frames. The FCS calculations for both directions of 
serial data optionally follow either the 16-bit CRC- 
CCITT or the 32-bit CRC-32 algorithms. FCS gener- 



ation and checking can also be optionally disabled 
if defined. 

Receiver. Serial receive data comes into the Re- 
ceiver (figure 4). The Receiver is responsible for : 

1 . Leading and trailing flag detection. 

2. Deletion of zeroes inserted for transparency. 

3. Detection of idle and abort sequences. 

4. Detection of good and bad FCS (Frame Check 
Sequence). 

5. Monitoring Receiver FIFO status. 

6. Detection of Receiver-Over-Run. 

7. Odd byte detection. If frames are received that 
have an odd number of bytes in the informa- 
tion field, the last byte of the frame is said to be 
an odd byte. 

8. Detection of non-octet aligned frames, such 
frames are treated as invalid frames. 

Transmitter. The Transmitter is responsible for : 

1 . Serialization of outgoing data. 

2. Generating and appending the FCS. 

3. Generation of interframe time-fill as either flags 
or idle. 

4. Zero bit insertion for transparency. 

5. Transmitter-Under-Run detection. 

6. Transmission of odd byte. 

7. RTS/CTS Control. 

Frame Check Sequence. The FCS on the trans- 
mitter or receiver may be either 1 6 bit or 32 bit, and 
is user selectable. For full duplex operation, both the 
receiver and transmitter have individual FCS com- 
putation circuits. The characteristics of the FCS are : 
_ Transmitted Polarity : inverted 
_ Transmitted Order : High Order Bit First 
- Pre-set Value : All 1's 
_ Polynominal 1 6 bit : X1 6 + X1 2 + X5 + 1 
_ Remainder 1 6 bit (if received correctly) : 

high order bit -> 0001 1 1 01 0000 1111 
_ Polynominal 32 bit : 

X32 + X26 + X23 + X22 + X16 + X1 2 + X1 1 + 

X10 + X8 + X7 + X5 + X4 + X2 + X + 1 
_ Remainder 32 bit (if received correctly) : 

high order bit -> 1100 01 11 0000 01 00 
1101 1101 0111 1011 



Gt 



SGS-THOMSON 



7/40 



211 



MK5025 



OPERATIONAL DESCRIPTION (continued) 

Receive FIFO. The Receive FIFO buffers the data 
received by the receiver. This performs two major 
functions. First, it resynchronizes the data from the 
receive clock to the system clock. Second, it allows 
the microcontroller time to finish whatever it may be 
doing before it has to process the received data. 

The receive FIFO holds the data from the receiver 
without interrupting the microcontroller until it con- 
tains enough data to reach the watermark level. This 
watermark level can be programmed in CSR4 to 
occur when the FIFO contains at least 2 bytes ; 18 
or more bytes ; 34 or more bytes ; or 50 or more bytes. 
This programmability, along with the programmable 
burst length of the DMA controller, enables the user 
to define how often and for how long the MK5025 
must use the host bus. For more information, see 
Control and Status Register 4 description. 

For example, if the watermark level is set at 34 bytes 
and the burst length is limited to 8 word transfers at 
a time, the MK5025 will request control of the host 
bus as soon as 34 bytes are received and again after 
every 16 subsequent bytes. 

Transmit FIFO. The Transmit Fl FO buffers the data 
to be transmitted by the MK5025. This also performs 
two major functions. First, it resynchronizes the data 
from the system clock to the transmit clock. Second, 
it allows the microcontroller and DMA controller to 
read data from the host's memory buffers in bursts ; 
making both the MK5025 and the host bus more ef- 
ficient. 

The transmit FIFO has a watermark scheme similar 
to the one described for the receive FIFO above. 
The transmit FIFO will not interruptthe microcontrol- 
ler for service until it empties enough to reach the 
watermark level. The watermark can be pro- 
grammed in CSR4 as : any space available, 18 
bytes of space available, 34 bytes of space avail- 
able, or 50 bytes of space available. 

Bus Slave Circuitry 

The MK5025 contains a bank of internal con- 
trol/status registers (CSRO-5) which can be ac- 
cessed by the host as a peripheral. The host can 
read or write to these registers like any other bus 



slave. The contents of these registers are listed in 
the Control and Status Registers section and the 
bus signal timing is described in figures 9 and 1 0. 

Buffer Management 

The basic organization of the buffer management is 
a circular queue of tasks in memory called descrip- 
tor rings. There are separate rings to describe the 
transmit and receive operations. Up to 128 buffers 
may be queued-up on a descriptor ring awaiting ex- 
ecution by the MK5025. The descriptor ring has a 
segment assigned to each buffer. Each segment 
holds a pointer for the starting address of the buff- 
er, and holds a value for the length of the buffer in 
words (16 bits). 

Each segment also contains two control bits called 
OWNA and OWNB, which denote whether the 
MK5025, the HOST, or the I/O ACCELERATION 
Processor (if present) "owns" the buffer. For trans- 
mit, when the MK5025 owns the buffer, the MK5025 
is allowed and commanded to transmit the .buffer. 
When the MK5025 does not own the buffer, it will 
not transmit that buffer. For receive, when the 
MK5025 owns a buffer, it may place received data 
into that buffer. Conversely, when the Mk5025 does 
not own a receive buffer, it will not place received 
data in that buffer. 

The MK5025 buffer management mechanism will 
handle frames which are longer than the length of 
an individual buffer. This is done by a chaining 
method which utilizes multiple buffers. The MK5025 
tests the next segment in the descriptor ring in a 
"look ahead" manner. If the packet is too long for 
one buffer, the next buffer will be used after filling 
the first buffer ; that is, "chained". The MK5025 will 
then "look ahead" to the next buffer, and chain that 
buffer if necessary, and so on. 

The operational parameters for the buffer manage- 
ment are defined by the user in the initialization 
block. The parameters defined include the basic 
mode of operation, the number of entries for the 
transmitter and receiver descriptor rings, frame Ad- 
dress field, and etc. 
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OPERATIONAL DESCRIPTION (continued) 
Figure 5 : Buffer Management Organization. 
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The Initialization Block. Chip initialization informa- 
tion is located in a block of memory called the Initial- 
ization Block. The Initialization Block consists of 28 
contiguous words of memory starting on a word 
boundary. This memory is assembled by the HOST 
or I/O acceleration processor, and is accessed by 
MK5025 during initialization. The Initialization Block 
is comprised of : 

A. Mode of Operation. 



B. Frame Address Values. 

C. Timer Preset Values. 

D. Location and size of Receive and Transmit De- 
scriptor Rings. 

E. Location and size of XID/TEST Buffers. 

F. Location of status buffer. 



Error Counters. 
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OPERATIONAL DESCRIPTION (continued) 

The Circular Queue. The basic organization of the 
buffer management is a circular queue of tasks in 
memory called descriptor rings. There are separate 
rings to describe the transmit and receive oper- 
ations. Up to 128 buffers may be queued-up on a 
descriptor ring awaiting execution by the MK5025. 
The descriptor ring has a segment assigned to each 
buffer. Each segment holds a pointer for the start- 
ing address of the buffer, and holds a value for the 
length of the buffer in bytes. 

Each segment also contains two control bits called 
OWNA and OWNB, which denote whether the 
MK5025, the HOST, or the I/O ACCELERATION 
PROCESSOR (if present) "owns" the buffer. For 
transmit, when the MK5025 owns the buffer, the 
MK5025 is allowed and commanded to transmit the 
buffer. When the MK5025 does not own the buffer, 
it will not transmit that buffer. For receive, when the 
MK5025 owns a buffer, it may place received data 
into that buffer. Conversely, when the MK5025 does 
not own a receive buffer, it will not place received 
data in that buffer. 

The MK5025 buffer management mechanism will 
handle frames which are longer than the length of 
an individual buffer. This is done by a chaining 



method which utilizes multiple buffers. The MK5025 
tests the next segment in the descriptor ring in a 
"look ahead" manner. If the frames are too long for 
one buffer, the next buffer will be used after filling 
(or transmitting) the first buffer ; that is, "chained". 
The MK5025 will then "look ahead" to the next buff- 
er, and chain that buffer if necessary, and so on. 

The operational parameters for the buffer manage- 
ment are defined by the user in the initialization 
block. The parameters defined include the basic 
mode of operation, the number of entries for the 
transmitter and receiver descriptor rings, frame Ad- 
dress field, and etc. The starting address for the In- 
itialization, IADR, is defined in the CSR2 and CSR3 
registers inside the MK5025. 

Frame Format. The frame format used by the 
MK5025 is shown below. Each frame consists of a 
programmable number of leading flag patterns 
(01 1 1 1 110), an address field, a control field, an in- 
formation field (not in all frames), an FCS of either 
16 or 32 bits, and a trailing flag pattern. The num- 
ber of leading flags is programmable through the 
Mode Register in the Initialization Block. Received 
frames may have only one flag between adjacent 
frames. 
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FCS 


F 



8-bits 8 8/16 

Transmitted First 

The Command/Response Repertoire. The com- 
mand/response repertoire of the MK5025 is shown 
in tables 2 and 3. This set conforms to the ISDN 
LAPD, which is a super-set of X.25 Link Level. The 
MK5025 will process the S and U frames shown in 
table 1 and will handle the A and C fields for all I and 
Ul frames. 
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Table 1 : 


Frame Types Symbols Definitions. 


Name 


Definition 


I 


Information frame 


Ul 


Unnumbered Information 


RR 


Receiver Ready 


DISC 


Disconnect 


RNR 


Receiver Not Ready 


UA 


Unnumbered Acknoledge 


REJ 


Reject 


FRMR 


Frame Reject 


SABM 


Set Asynchronous Balance Mode 


DM 


Disconnect Mode 


XID 


Exchange Identification 


TEST 


Link Test frame 
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OPERATIONAL DESCRIPTION (continued) 

Table 2 : Command/Response Repertoire - Module 8 Operation. 



Format 


Command 


Resp 


Encoding 








12 3 4 5 6 7 8 


Information Transfer 


1 




f- N(S) -+ P «- N(R) -^ 


Supervisory 


RR 

RNR 

REJ 


RR 

RNR 

REJ 


1 P/F f- N(R) -> 
1 1 P/F ^ N(R) -* 
1 1 P/F <- N(R) -^ 


Unnumbered 


SABM 

XID (1) 

Ul(1) 
DISC 

TEST (2) 


DM 
XID (1) 

Ul(1) 

UA 

FRMR 
TEST (2) 


1 1 1 1 PF 1 
1 1 1 1 F 
1 1 1 1 P/F 1 1 
1 1 P/F 
1 1 P 1 
1 1 F 1 1 
1 1 1 F 1 
1 1 P/F 1 1 1 



Table 3 : Command/Response Repertoire - Modulo 128 Operation. 














Format 


Command 


Resp 


Encoding 










1 2 
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4 
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6 
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8 


9 10-1 


Information Transfer 


I 




| 






N(S) 








P N(R) 


Supervisory 


RR 


RR 


1 








P/F 


<r- 


N(R) 


—> 


P/F N(R) 




RNR 


RNR 


1 


1 





P/F 


<r~ 


N(R) 


— > 


P/F N(R) 




REJ 


REJ 


1 





1 


P/F 


<r~ 


N(R) 


— > 


P/F N(R) 


Unnumbered 


SABME 






1 


1 


PF 


1 


1 











DM 
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1 


F 















XID (1) 


XID (1) 
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P/F 


1 





1 






Ul(1) 


Ul(1) 










P/F 















DISC 












P 





1 











UA 
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1 











FRMR 




1 





F 








1 






TEST (2) 


TEST (2) 










P/F 


1 


1 


1 





Notes : 1 . XID and Ul frames can be individually enabled for compatibility with X.32 and LAPD respectively. 

2. TEST frames are enabled with XID frames. 

3. N(S) = Transmitter Send sequence number. 

4. N(R) = Transmitter Receive sequence number. 

5. P/F = Poll bit when issued as a command, Final bit when issued as a response. 



Protocol. The MK5025 contains a full implementa- 
tion of the 1 984 CCITT X.25 data link layer. It allows 
both basic and extended control fields, variable win- 
dow sizes, and user-defined counter and timer 
values. Extended addressing and Ul frames are op- 
tionally available for use in ISDN LAPD applications. 



XID and TEST frames are available for use in X.32. 
The interface between the MK5025 and the host 
(layer 3) conforms to both the ISO data link services 
standard and the ISDN LAPD data link services 
standard. 
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PROGRAMMING SPECIFICATIONS 

This section defines the Control and Status Regis- 
ters and the memory data structures required to pro- 
gram the MK5025. 

Control and Status Registers. 

There are six Control and Status Registers (CSR's) 
resident within MK5025. The CSR's are accessed 
through two bus addressable ports, an address port 
(RAP), and a data port (RDP). Thus the MK5025 
needs only two address locations in the system 
memory or I/O map. 

Accessing the Control and Status Registers. 

The CSR's are read (or written) in a two-step oper- 
ation. The address of the CSR is written into the ad- 
dress port (RAP) during a bus slave transaction. 
During a subsequent bus slave transaction, the data 
being read from (or written into) the data port (RDP) 
is read from (or written into) the CSR selected in the 
RAP. Once written, the address in RAP remains un- 
changed until rewritten. A control I/O pin (ADR) is 
provided to distinguish the address port from the 
data port. 

ADR PORT 

HIGH Register Address Port (RAP) 

LOW Register Data Port (RDP) 

Register Address Port (RAP) 
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Bit <15 : 08>. They are reserved and must be writ- 
ten as zeroes. 

Bit 07, BM8. When set, places chip into 8-bit mode. 
CSR's, Init Block and data transfers are all 8-bit trans- 
fers, this provides compatibility with 8-bit micropro- 
cessors. When clear, all transfers are 16-bit 
transfers. This bit must be set to the same value each 
time it is written, changing this bit during normal oper- 
ation will achieve unexpected results. BM8 is 
Read/Write and cleared on Bus Reset. 



Bit <06 : 04>. They are reserved and must be writ- 
ten as zeroes. 

Bit <03 : 01 >, CSR <2 : 0>. CSR address select bits 
is Read/Write. Selects the CSR to be accessed 
through the RDP RAP is cleared by Bus Reset. 
CSR<2 : 0> CSR Selected 

CSR0 

1 CSR1 

2 CSR2 

3 CSR3 

4 CSR4 

5 CSR5 

Bit 00, HBYTE. Determines which byte is ad- 
dressed for 8-bit operation. If set, the high byte of 
the register referred to by CSR <2 : 0> is addressed, 
otherwise the low byte is addressed. This bit is only 
meaningful for 8-bit operation and must be written 
as zero if BM8 = 0. HBYTE is Read/Write and 
cleared on Bus Reset. 

Register Data Port (RDP) 
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Bit <1 5 : 00>, CSR DATA. Writing data to the RDP 
loads data into the CSR selected by RAP. Reading 
the data from RDP reads the data from the CSR se- 
lected in RAP. 

Control and Status Register (CSR0) 

RAP<3:1> = 
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PROGRAMMING SPECIFICATIONS (continued) 

Bit 15, TRANSMIT DEMAND, when set, 

TDMD. causes MK5025 to access the 

Transmit Descriptor Ring without 
waiting for the transmit polltime in- 
terval to elapse. TDMD need not be 
set to transmit a frame, it merely 
hastens MK5025's response to a 
Transmit Descriptor Ring entry in- 
sertion by the host. TDMD is 
WRITE WITH ONE ONLY and 
cleared by the MK5025 after it is 
used. It may read as a "1 " for a short 
time after it is written because the 
MK5025 may have been busy 
when TDMD was set. It is also 
cleared by Bus RESET. Writing a 
"0" in this bit has no effect. 



Bit 14, STOP, when set, indicates that 

STOP. MK5025 is operating in the 

STOPPED phase of operation. All 
external activity is disabled and in- 
ternal logic is reset. MK5025 re- 
mains inactive except for primitive 
processing until a START primitive 
is issued. STOP IS READ ONLY 
and set by Bus RESET or a STOP 
primitive. Writing to this bit has no 
effect. 

Bit 13, Transmitter Ring Disable prevents 

DTX. the MK5025 from further access to 

the Transmitter Descriptor Ring. 
No transmissions are attempted 
after finishing transmission of any 
frame in transmission at the time of 
DTX being set. DTX is 
READ/WRITE. TXON acknow- 
ledges changes to DTX, see below. 

Bit 12, Receiver Ring Disable prevents 

DRX. the MK5025 from further access to 

the Receiver Descriptor Ring. No 
received frames are accepted after 
finishing reception of any frame in 
reception at the time of DRX being 
set. If DRX is set while a data link 
is established the MK5025 will go 
into the local busy condition and will 
send a RNR response frame to the 
remote station. Upon clearing DRX 
the MK5025 will send a RR re- 
sponse frame. DRX is 
READ/WRITE. RXON acknow- 
ledges changes to DRX, see 
below. 



Bit 11, TRANSMITTER ON indicates that 

TXON. the transmitter ring access is en- 

abled. TXON is set as the START 
primitive is issued if the DTX bit is 
"0" or afterward as DTX is cleared. 
TXON is cleared upon recognition 
of DTX being set, by issuing a 
STOP primitive in CSR1, or by a 
Bus RESET. If TXON is clear, the 
host may modify the Transmit De- 
scriptor Ring entries regardless of 
the state of the OWNA bits. TXON 
is READ ONLY ; writing this bit has 
no effect. 

Bit 10, RECEIVER ON indicates that the 

RXON. receiver ring access is enabled. 

RXON is set as the START primi- 
tive is issued if the DRX bit is "0" or 
afterward as DRX is cleared. 
RXON is cleared upon recognition 
of DRX being set, by sending a 
STOP primitive in CSR1, or by a 
Bus RESET. If RXON is clear, the 
host may modify the Receive De- 
scriptor Ring entries regardless of 
the state of the OWNA bits. RXON 
is READ ONLY ; writing this bit has 
no effect. 

Bit 09, INTE RRUPT ENABLE allows the 

INEA. INTR I/O pin to be driven low when 

the I nterru pt Flag is set. If INEA = 1 
the INTR I/O pin will be low if 
CS RO <Q8 > INTR is set. If INEA = 
the INTR I/O pin will be high, re- 
gardless of the state of the Interrupt 
Flag. INEA is READ/WRITE, set by 
writing a "1" into this bit and is 
cleared by writing a "0" into this bit 
or by Bus RESET or by issuing a 
STOP primitive. 

Bit 08, INTERRUPT FLAG indicates that 

INTR. one or more of the following inter- 

rupt causing conditions has oc- 
cured ; MISS, MERR, RINT, TINT, 
PINT, TUR or ROR. If INEA= 1 and 
INTR = 1 the INTR I/O pin will be 
low. INTR is READ ONLY, writing 
this bit has no effect. INTR is 
cleared as the specific interrupting 
condition bits are cleared. INTR is 
also cleared by Bus RESET or by 
issuing a STOP primitive. 
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Bit 07, 
MERR. 



Bit 06, 
MISS. 



PROGRAMMING SPECIFICATIONS (continued) 

MEMORY ERROR sets when 
MK5025 is the Bus Master and has 
not received READY within 256 
SYSCLKs (25.6 usee @ 1 0MHz) 
after asserting the address on the 
DAL lines. When a Memory Error is 
detected, the receiver and trans- 
mitter are turned off and an inter- 
rupt is generated if INEA = 1. 
MERR is READ/CLEAR ONLY and 
is set by the chip and cleared by 
writing a "1" into the bit. Writing a 
"0" has no effect. It is cleared by 
Bus RESET or by issuing a STOP 
primitive. 

MISSED PACKET is set when the 
receiver loses a packet because it 
does not own a receive buffer, indi- 
cating loss of a frame. When MISS 
is set, an interrupt will be generated 
if INEA = 1 . MISS is READ/CLEAR 
ONLY and is set by the MK5025 
and cleared by writing a "1 " into the 
bit. Writing a "0" has no effect. It is 
also cleared by Bus RESET or by 
issuing a STOP primitive. 

RECEIVER OVERRUN indicates 
that the Receiver FIFO was full 
when the receiver was ready to 
input data to the Receiver FIFO. 
The frame being received is lost but 
is recoverable according to the Link 
Level protocol. When ROR is set, 
an interrupt is generated if 
INEA = 1. ROR is READ/CLEAR 
ONLY and is set by MK5025 and 
cleared by writing a "1 " into the bit. 
Writing a "0" has no effect. It is also 
cleared by Bus RESET or by is- 
suing a STOP primitive. 

TRANSMITTER UNDERRUN indi- 
cates that the MK5025 has aborted 
a frame since data was late from 
memory. This condition is reached 
when the transmitter and transmit- 
ter FIFO both become empty while 
transmitting a frame. When TUR is 
set, an interrupt is generated if 
INEA = 1. TUR is READ/CLEAR 
ONLY and is set by the MK5025 
and cleared by writing a "1 " into the 
bit. Writing a "0" has no effect. It is 



Bit 05 
ROR. 



Bit 04 
TUR. 



Bit 03, 
PINT. 



Bit 02, 
TINT. 



also cleared by Bus RESET or by 
issuing a STOP primitive. 

PRIMITIVE INTERRUPT is set 
after the chip updates the primitive 
register to issue a provider primitive 
or to indicate a User Primitive Error 
Condition. See CSR1<15> UERR. 
When PINT is set, an interrupt is 
generated if INEA = 1. PINT is 
READ/CLEAR ONLY and is set by 
MK5025 and cleared by writing a 
"1 " into the bit. Writing a "0" has no 
effect. It is also cleared by Bus 
RESET or by issuing a STOP primi- 
tive. 

TRANSMITTER INTERRUPT is 
set after the chip updates an entry 
in the Transmit descriptor Ring. 
This occurs when a transmitted 
frame has been acknowledged by 
the remote station. When TINT is 
set, an interrupt is generated if 
INEA = 1. TINT is READ/CLEAR 
ONLY and is set by MK5025 and 
cleared by writing a "1 " into the bit. 
Writing a "0" has no effect. It is also 
cleared by Bus RESET or by is- 
suing a STOP primitive. 

RECEIVER INTERRUPT is set 
after MK5025 updates an entry in 
the Receive Descriptor Ring. This 
occurs when the MK5025 has re- 
ceived a correct frame from the 
remote station. When RINT is set, 
an interrupt is generated if INEA = 
1. RINT is READ/CLEAR ONLY 
and is set by MK5025 and cleared 
by writing a "1" into the bit. Writing 
a "0" has no effect. It is cleared by 
Bus RESET or by issuing a STOP 
primitive. 

Bit 00. Reserved. This bit is READ ONLY. 

Control and Status Register 1 (CSR1) 

RAP<3:1> = 1 
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PROGRAMMING SPECIFICATIONS (continued) 



BIT 15, 
UERR. 



Bit 14, 
UAV. 



Bit <13 : 

UPARM. 



USER PRIMITIVE ERROR is set 
by the MK5025 when a primitive is- 
sued by the user is in conflict with 
the current status of the link. UERR 
is READ/CLEAR ONLY and is set 
by MK5025 and cleared by writing 
a "1 " into the bit. Writing a "0" in this 
bit has no effect. It is also cleared 
by Bus RESET. 

USER PRIMITIVE AVAILABLE is 
set by the user after a primitive has 
been placed in UPRIM. It is cleared 
by the MK5025 after the primitive 
has been processed. This bit is 
also cleared by a Bus RESET. 

12>, UPARM is written by the host in 
conjunction with the user primitives 
in UPRIM. This user parameter 
field provides for the information to 
the MK5025 concerning the corre- 
sponding user primitive. For con- 
nect and reset primitives this field 
determines what the MK5025 will 
do with frames in the transmit de- 
scriptor ring that have been pre- 
viously sent but not acknowledged. 
If UPARM = 0, these frames will be 
resent when the new link is estab- 
lished. If UPARM = 1 , these frames 
are discarded by the MK5025 and 
their OWNA bits are cleared, re- 
leasing ownership back to the host. 
For all other primitives this field 
should be written with zeroes. 

Bit <11 : 08>, USER PRIMITIVE is written by the 
UPRIM. user to control the MK5025 link pro- 

cedures. The following values are 
valid : 

Stop - Instructs MK5025 to go 
into STOPPED Mode. All link 
activity is terminated and the 
STOP bit is set. Transmitter out- 
puts all "Vs. All DMA activity 
ceases. 

1 Start-Instructs MK5025 to exit 
STOPPED Mode and enter the 
Disconnected Phase. Descrip- 



tor Rings are reset. Transmitter 
begins outputting flags. Valid 
only in STOPPED Mode. 

2 Init Request - Instructs MK5025 
to read the initialization block. 
Valid only in STOPPED Mode 
and Disconnected Phase. This 
should be performed prior to the 
start primitive after a bus reset 
or powerup. 

3 Trans - Instructs MK5025 to 
enter the Transparent phase of 
operation. Data frames are 
transmitted and received out of 
the descriptor rings but no 
protocol processing is done. 
Address and Control Fields are 
not prepended to the frames, 
but FCS processing works nor- 
mally. If the PROM bit is set in 
CSR2 then no address filtering 
is performed on received 
frames. Transparent Mode may 
be exited only with a stop primi- 
tive or by bus reset. Valid only 
in STOPPED Mode. 

4 Status Request - Instructs 
MK5025 to write the current link 
status into the STATUS buffer. 
Valid only if INIT primitive has 
previously been issued. 

5 Self-Test Request - Instructs 
MK5025 to perform a self test. 
Valid only in STOPPED Mode. 
See page 31/40 or whatever 
page it finally is on for self-test 
procedure. 

6 Connect request - Instructs 
MK5025 to attempt to establish 
a logical link with the remote 
site. Valid only in Disconnected 
Phase. 

7 Connect Response - Indicates 
willingness to establish a logical 
link with the remote site. Valid 
only in Disconnected Phase 
after receiving a Connect Indi- 
cation primitive. 
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PROGRAMMING SPECIFICATIONS (continued) 

8 Reset Request - If a logical link 
has been established, instructs 
MK5025 to attempt to reset the 
current logical link with the 
remote site (sends SABM/E). In 
Transparent Mode or Discon- 
nected Phase, instructs 
MK5025 to start the T1 timer. 

9 Reset Response - If a logical 
link has been established, indi- 
cates willingness to reset cur- 
rent logical link with remote site 
(valid only after receiving a 
Reset Indication primitive.) In 
Transparent Mode or Discon- 
nected Phase, instructs 
MK5025 to stop the T1 timer. 

10XID Request - Requests 
MK5025 to send an XI D com- 
mand to the remote site. Data in 
the XI D/TEST Transmit buffer is 
used for the Data Field. Invalid 
in STOPPED Mode. 

11 XI D Response - Requests 
MK5025 to send an XI D re- 
sponse to the remote site. Data 
in the XID/TEST Transmit Buf- 
fer is used for the Data Field. 
Valid only after receiving an XI D 
Indication primitive. 

1 2 TEST Request - Requests 
MK5025 to send a TEST com- 
mand to the remote site. Data in 
the XID/TEST Transmit Buffer 
is used for the Data Field. In- 
valid in STOPPED Mode. 



Bit 07, 
PLOST. 



Bit 06, 
PAV. 



Bit <05 : 04>, 
PPARM. 



1 3 TEST Response - Requests 
MK5025 to send a TEST re- 
sponse to the remote site. Data 
in the XID/TEST transmit buffer 
is used for the data field. Valid 
only after receiving a TEST in- 
dication primitive. 

1 4 Disconnect Request - Requests 
MK5025 to disconnect the cur- 
rent logical link. Invalid in 
STOPPED Mode. A DM re- 
sponse with the F bit clear will 
be sent if the link is currently dis- 
connected. 

PROVIDER PRIMITIVE LOST is 
set by MK5025 when a provider 
primitive cannot be issued because 
the PAV bit is still set from the pre- 
vious provider primitive. PLOST is 
cleared when PAV is cleared and 
by a Bus RESET. Writing to this bit 
has no effect. 

PROVIDER PRIMITIVE AVAIL- 
ABLE is set by the MK5025 when 
a new provider primitive has been 
placed in PPRIM. PPRIM is 
READ/CLEAR ONLY and is set by 
the chip and cleared by writing a "1 " 
to the bit or by Bus RESET. 

PROVIDER PARAMETER pro- 
vides additional information about 
the reason for the receipt of a dis- 
connect, reset or error indication 
primitive. This field is undefined for 
other provider primitives. Parame- 
ters are as follows : 





Disconnect 


Disconnect 


Reset 


Error 


PPARM 
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Confirmation 
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Remotely 


UA or DM 


Remotely 
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PROGRAMMING SPECIFICATIONS (continued) 



Bit <03 : 00>, PROVIDER PRIMITIVE is written 
PPRIM. by MK5025 to inform the user of 

link control conditions. Valid Pro- 
vider Primitives are as follows : 
2 Init Confirmation - Indicates that 
the initialization has completed. 

4 Error Indication - Indicates an 
error condition has occurred 
during the Information Transfer 
phase of operation that requires 
instruction by the Host for re- 
covery. See PPARM for specific 
error conditions. Either a Reset 
Request or Disconnect Re- 
quest primitive should be is- 
sued in UPRIM after receiving 
an Error Indication primitive. 

5 Remote Busy Indication - Indi- 
cates change in Remote Busy 
status. PPARM = indicates re- 
ceipt of RNR - Remote Busy. 
PPARM = 1 indicates Remote 
no longer busy - RR received. 
This primitive is only issued if 
RBSY = 1. RBSY (bit 15 of 
IADR + 1 6) is set by the Host in 
the Init block. 

6 Connect Indication - Indicates 
an attempt by the remote site to 
establish a logical link. Appro- 
priate user responses are Con- 
nect Response or Disconnect 
Request. 

7 Connect Confirmation - Indi- 
cates the success of a previous 
Connect Request by the user. A 
logical link is now established. 

8 Reset Indication - If a logical link 
has been established, indicates 
an attempt by the remote site to 
reset the current logical link. Ap- 
propriate user responses are 
Reset Response or Disconnect 
Request. In Transparent Mode, 
or^Disconnected Phase, indi- 
cates expiry of timer T1 . 

9 Reset Confirmation - Indicates 
the success of a previous Reset 
Request by the user. The cur- 
rent logical link has now been 
reset. 

1 XI D Indication - Indicates the re- 
ceipt of an XI D command. The 



Data Field of the XID command 
is located in the XID/TEST Re- 
ceive Buffer. 

11 XID Confirmation -Indicates the 
receipt of an XID response. The 
Data field of the XID response is 
located in the XID/TEST Re- 
ceive Buffer. 

12 TEST Indication - Indicates the 
receipt of a TEST command. 
The Data Field of the TEST 
command is located in the 
XID/TEST Receive buffer. 

13 TEST Confirmation - Indicates 
the receipt of a TEST response. 
The Data field of the TEST re- 
sponse is located in the 
XID/TEST Receive Buffer. 

14 Disconnect Indication - Indi- 
cates a request by the remote 
site to disconnect the current 
logical link or the refusal of a 
previous Connect or Reset Re- 
quest. The chip is now in the 
Disconnected Phase. 

15 Disconnect Confirmation - Indi- 
cates the completion of a pre- 
viously requested link discon 
nection. 

Control and Status Register 2 (CSR2) 

RAP<3: 1> = 2 
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Bit<15:14>. 



Bit 13, 
FRMRD. 



Bit 12, 
T203E. 



Reserved, must be written as ze- 
roes. 

Setting this bit disables the sending 
of FRMR frames (used for LAPD ap- 
plications) ; otherwise the MK5025 
behaves as specified for X.25. This 
bit is READ/WRITE. 

If this bit is set, the T3 timer is rec- 
onfigured to behave as specified 
for LAPD T203 timer ; otherwise it 
behaves as specified for X.25. This 
bit is READ/WRITE. 
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PROGRAMMING SPECIFICATIONS (continued) 



Bit 11, X.75 mode is enabled if this bit is 

X75E. set to 1 ; otherwise X.25 mode is 

enabled. This bit is READ/WRITE. 

Bit 10, Address filtering is disabled for 

PROM. transparent mode, if this bit is set. 

All uncorrupted incoming frames 
are placed in the Receive Descrip- 
tor Ring. This bit is READ/WRITE. 
Should be set only in Trans Mode. 

Bit 09, Ul frames are recognized only if 

UIE. this bit is set. If UIE = all received 

Ul frames will not be recognized. 

This bit is READ/WRITE. 

Bit 08, XI D frames are recognized only if 

XIDE. this bit is set. If XIDE = all received 

XID frames will not be recognized. 

This bit is READ/WRITE. 

Bit <07 : 00>, The high order 8 bits of the address 
IADR. of the first word (lowest address) in 

the Initialization Block. IADR must 
be written by the Host prior to is- 
suing an INIT primitive. 

Control and Status Register 3 (CSR3) 

RAP<3:1> = 3 
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BIT<15:00>, 
IADR. 



The low order 1 6 bits of the address 
of the first word (lowest address) in 
the Initialization Block. Must be 
written by the Host prior to issuing 
an INIT primitive. The Initialization 
Block must be on an even byte 
boundary. 

Control and Status Register 4 (CRS4). CRS4 
allows redefinition of the bus master interface. 

RAP<3:1> = 4 
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Bit<15:10> 

Bit <09 : 08>, 
FWM. 



Bit 07, 
BAEN. 



Bit 06, 
BUSR. 



Bit 05, 
BSWPC. 



Reserved, must be written as ze- 
roes. 

These bits define the FIFO water- 
marks. FIFO watermarks prevent 
the MK5025 from performing DMA 
transfers to/from the data buffers 
until the FIFOs contain a minimum 
amount of data or space for data. 
For receive data, data will only be 
transferred to the data buffers after 
the FIFO has at least N 16-bit 
words or an end of frame has been 
reached. Conversely, for transmit 
data, data will only be transferred 
from the data buffers when the 
transmit FIFO has room for at least 
N words of data. N is defined as fol- 
lows : 

FWM :0 N 

11 1word 

1 0* 9 words 

01 17 words 

00 25 words 

* Suggested Setting 

This bit should be written as "0" for 
standard operation as described in 
the timing diagrams in figures 7 and 
8 of this manual. If this bit is set, the 
upper 4 address bits (A <23 : 20>) 
will be available at the time HOLD 
is asserted, and are never tristated. 
This facilitates use in multiple bus 
systems to identify which bus is 
being requested. 

If this bit is se t, pin 15 becomes 
input BUSRELJfJhis bit is clear 
pin 15 is either BM0 or BYTE de- 
pending on bit 00. For more infor- 
mation see the description for pin 
15 earlier in this document. BUSR 
is READ/WRITE and cleared on 
Bus Reset. 

This bit determines the byte orde- 
ring of all "non-data" DMA trans- 
fers. "Non-data" DMA transfers 
refers to any DMA transfers that ac- 
cess memory other than the data 
buffers themselves. This includes 
the Initialization Block, Descriptors, 
and Status Buffer. It has no effect 
on data DMA transfers. BSWPC 
allows MK5025 to operate with 
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memory organizations that have 
bits <07 : 00> ar even addresses 
with bits <15 : 08> at odd ad- 
dresses or vice versa. 
With BSWPC = 1 : 

Add ress 

XXO |0 ••• 71 
XX1 [8 ••• 151 
This memory organization is used 
with the LS1 1 1 and the 8086 micro- 
processors. 

With BYTE SWAP = : 
Address 
XXO [[T^ 

XX1 {TT2 

This memory organization is used 
with the 68000 and Z8000 micro- 
processors. BSWP is Read/Write 
and cleared by BUS RESET. 

Bit <04 : 03>, This field determines the maximum 
BURST. number of data transfers per- 

formed each time control of the 
host bus is obtained. BURST is 
READ/WRITE and cleared on Bus 
RESET. 
BURST <1 : 0> 8 bit Mode 1 6 bit Mode 

00 2 bytes 1 word 
10* 16 bytes 8 words 

01 unlimited unlimited 
* Suggested Setting 

Bit 02, This bit determines the byte orde- 

BSWPD. ring of all data DMA transfers. Data 

transfers are those to or from a data 
buffer. BSWPD has no effect on 
non-data transfers. The effect of 
BSWPD on data transfers is the 
same as that of BSWPC on non- 
data transfers (see above). For 
most applications, including most 
68000 based systems, this bit 
should be set. 

Bit 01 , ALE CONTROL defines the asser- 

ACON. tive state of Pin 18 when MK5025 

is a Bus Master. ACON is 

READ/WRITE and cleared by Bus 

RESET. 

ACON Pin 18 Asserted 

ALE High 

1 AS Low 

Bit 00, BYTE CONTROL redefines the 

BCON. Byte Mask and Hold I/O pins. 



BCON is READ/WRITE and 

cleared by Bus RESET. 

BCON PIN 16 PIN 15 PIN 17 

BM1 BM0 HOLD 

1 BUSAKO BYTE BUSRQ 

Control and Status Register 5 (CSR5).CSR5 fa- 
cilitates control and monitoring of modem controls. 

RAP<3:1> = 5 
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Bit <15 : 05>. Reserved, must be written as ze- 
roes. 

Bit 4, RTS/CTS ENABLE is a 

RTSEN. READ/WRITE bit used to configure 

pins 26 and 30 . If th is bit is set pin 
26 beco mes RTS and pin 30 
becomes CTS. RTS is driven low 
whenever the MK5025 has data to 
transmit and k ept low during trans- 
mission. RTS will be driven high 
after the closing flag of a frame 
transmitted if either no other 
frames are in the FIFO or if the 
minimum frame spacing is higher 
than 2 (see Mode Register). The 
MK5025 will not begin trans- 
mission and TD will remain HIGH if 
CTS is high. 

Bit 3, DTR DIRECTION is a READ/ 

DTRD. WRITE bit used to control the direc- 

tion of the DTR pin. If DTRD = 0, 
the DTR pin becomes an input pin 
and the DTR bit reflects the current 
value of the pin ; if DTRD = 1 , the 
DTR pin is an output pin controlled 
by the DTR bit below. 

Bit 2, DSR DIRECTION is a READ/ 

DSRD. WRITE bit used to control the direc- 

tion of the DSR pin. If DSRD = 0, 
the DSR pin becomes an input pin 
and the DSR bit reflects the current 
value of the pin ; if DSRD = 1 , the 
DSR pin is an output pin controlled 
by the DSR bit below. 
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Bit 1, 

DTR. 



BitO, 
DSR. 



DATA TERMINAL READY is used 
to control or observe the DTR I/O 
pin depending on the value of 
DTRD. If DTRD = 0, this bit 
becomes READ ONLY and always 
equals the current value of the DTR 
pin. If DTRD = 1 , this bit becomes 
READ/WRITE and any value writ- 
ten to this bit appears on the DTR 
pin. 

DATA SET READY is used to con- 
trol or observe the DSR I/O pin de- 
pending on the value of DSRD. If 
DSRD = 0, this bit becomes READ 
ONLY and always equals the cur- 
rent value of the DSR pin. If 
DSRD = 1, this bit becomes 
READ/WRITE and any value writ- 



ten to this bit appears on the DSR 
pin. 

Initialization Block 

MK5025 initialization includes the reading of the in- 
itialization block in memory to obtain the operating 
parameters. 

The Initialization Block is read by MK5025 when re- 
ceiving an INIT primitive. During normal initialization 
the INIT should be sent prior to sending a START 
primitive. The user may re-issue the INIT primitive 
after a START, but received frames may be lost if 
care is not taken. An INIT cannot be issued while a 
link is connected ; MK5025 will reject such an at- 
tempt. 

Except for the Error Counters and XID/TEST De- 
scriptor OWNA bits, the MK5025 will not write into 
the Initialization Block. 



Figure 6 : 


Initialization Block. 
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Mode Register. The Mode Register allows alter- 
ation of the MK5025's operating parameters. 
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Bit <15 : 11>, Minimum Frame Spacing defines 
MFS <4 :0>. the minimum number of flag se- 
quences transmitted between ad- 
jacent frames transmitted by the 
MK5025. This only affects frames 
transmitted by the MK5025 and 
does not restrict the spacing of 
frames received by the MK5025. 
When using RTS/CTS control this 
field defines the number of flags 
transmitted a t the beginning of the 
frame after CTS is driven low 
(minus one forthe trailing flag). See 
following table for encoding of this 
field. 
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Bit 08, 
DACE. 



Bit 07, 
EXTC. 



Bit 10, Extended Control Force is useful 

EXTCF. only in transparent mode oper- 

ation. If set along with EXTC, the 
receiver will assume the control 
field to be two octets long regard- 
less of the first two bits of the con- 
trol field. See EXTC below. 

Bit 09, Extended Address Force is useful 

EXTAF. only in transparent mode oper- 

ation. If set along with EXTA, the 
receiver will assume the address 
field to be two octets long regard- 
less of the first bit of the address. 
See EXTA below. 

Address and control field extraction 
are disabled when DACE is set. 
Address and control fields are 
treated as normal data. DACE 
must be written as "0" for normal 
operation in non-transparent 
mode. 

Extended Control Field is enabled 
when EXTC = 1 . The control fields 
of all S and I frames become two 
octets in length, instead of one. The 
numbering for I frames becomes 
modulo 128, instead of modulo 8. 
The control field of U frames re- 
mains one octet in length. 

Extended address is enabled when 
EXTA = 1 . The length of address 
fields is determined by the first bit 
of the address. If the first bit is set 
then the address field is 1 octet 
long otherwise it is 2 octets. 

Disable Receiver FCS. When 
DRFCS = 0, the receiver will extract 
and check the FCS field at the end 
of each frame. When DRFCS = 1 , 
the receiver continues to extract 
the last 1 6 or 32 bits of each frame, 
depending on FCSS, but no check 
is performed to determine whether 
the FCS is correct. 

Bit 04, Disable Transmitter FCS. When 

DTFCS. DTFCS = 0, the transmitter will 

generate and append the FCS to 
each frame. When DTFCS = 1 , the 
FCS logic is disabled, and no FCS 
is generated with transmitted 
frames. 



Bit 06, 
EXTA. 



Bit 05, 
DRFCS. 
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Bit 03, 
FCSS. 

Bit <02 : 00>, 
LBACK. 



Setting DTFCS = 1 is useful in loop- 
back testing for checking the ability 
of the receiver to detect an incor- 
rect FCS. 

FCS Select. When FCSS = 1 , a 1 6 
bit FCS is selected otherwise a 32- 
bit FCS is used. 

Loopback Control puts the 
MK5025 into one of several loop- 
back configurations. 
LBACKO, Normal operation. No 
loopback. 

LBACK4. Simple loopback. Re- 
ceive data and clock are driven in- 
ternally by transmit data and clock. 
LBACK5. Clockless loopback. Re- 
ceive data is driven internally by 
transmit data. Transmit and re- 
ceive clocks are driven by SYSCLK 
divided by 8. 

LBACK6. Silent loopback. Same 
as simple loopback with TD pin 
forced to all ones. 
LBACK7. Silent Clockless loop- 



back. Combination of Silent and 
Clockless loopbacks. Receive data 
is driven internally by transmit data, 
transmit and receive clocks are 
driven by SYSCLK divided by 8. TD 
pin is forced to all ones. 

Station Addresses. The Local and Remote station 
addresses may be either one or two octets accord- 
ing to the EXTA control bit described in the MODE 
register. If extended address mode is selected bit 
should be set to a zero for adherence to 
ADCCP/HDLC. If extended address mode is not se- 
lected, the command and response frame ad- 
dresses should be located in the lower order byte of 
their respective fields. 

Timers. There are 5 independent counter-timers. 
The lower 8 bits of IADR + 08 are used as a scaler 
for T1 , T3, and TP. The scaler is driven by a clock 
which is 1/32 of SYSCLK. N1 is a 1 6 bit counter and 
is used to count the number of bytes in an l-frame. 
N2 is an 8 bit counter. 

The Host will write the period of N1 , N2, T1 , T3, and 
TP into the Initialization Block. 



IADR + 06 
IADR + 08 
IADR + 10 
IADR + 12 
IADR + 14 


1 
5 


111110000000000 
432109876543210 




I I I I I I I 

COUNT 


I I I I I I I 
ER N1 




COUNTER N2 


SCALER 


TIME 


RT1 


TIMER T3 


TIMER TP 

I I I I I I I I I I I I I I I 
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N1. 



N2. 



SCALER. 



T1. 



T3. 



TP. 



MAXIMUM FRAME LENGTH. This 
field must contain the two's com- 
plement of one less than the maxi- 
mum allowable frame length, in 
bytes. Any frame received that ex- 
ceeds this count will be discarded. 

MAXIMUM RETRANSMISSION 
COUNT. This field must contain the 
two's complement of one less than 
the maximum number of retrans- 
missions that will be made follow- 
ing the expiration of T1 . 

TIMER PRESCALER. Timers T1, 
T3, and TP are scaled by this num- 
ber. The prescaler incremented 
once every 32 system clock pulses. 
When it reaches zero the timers are 
incremented and the prescaler is 
reset. This field is interpreted as the 
two's complement of the prescaler 
period. Note : a prescale value of 
one gives the smallest amount of 
scaling to the timers (64 clock pul- 
ses), zero gives the largest (8224 
clock pulses). 

RETRANSMISSION TIMER. Link 
control frames will be retransmitted 
upon the expiration of the T1 timer 
if the appropriate response is not 
received. These frames will be re- 
transmitted up to N2 (see above) 
times, at which time the link will be 
disconnected or reset by MK5025 
according to the X.25 protocol. This 
field must contain the two's com- 
plement of the period of timer T1 . 
The scaled (see SCALER) value of 
T1 should be made large enough 
to allow the remote station to re- 
ceive the control frame and send its 
response. 

LINK IDLE TIMER. The link idle 
timer determines the amount of link 
idle time necessary to consider the 
link disconnected. This field must 
contain the two's complement of 
the period of timer T3. T3 is dis- 
abled if CSR5 RTSEN = 1 or if the 
MK5025 is in transparent mode. 

TRANSMIT POLLING TIMER. 
This scaled timer determines the 
length of time between transmit 
frame checks. Unless TDMD (see 
CSRO) is set or a frame is received 
on the link, no attempt to transmit 



a frame in the transmit descriptor 
ring is made until TP expires. At TP 
expiration all transmit frames in the 
transmit descriptor ring will be sent. 
This field must contain the two's 
complement of the period of timer 
TP. 



Receive Descriptor Ring Pointer 



1 10 000000000 



5 


4 3 2 


1 


9 8 


7 6 5 4 3 2 1 








I I 
RLEN 


R 
B 
S 
Y 


I I 



I I I I I I I 
RDRA<23:16> 




I I 




RDRA< 15:00 > 

I I I I I I I I I 




I 



Bit 15. 

Bit<14: 
RLEN. 



Reserved, must be written as a 
zero. 

12>, RECEIVE RING LENGTH is the 
number of entries in the Receive 
Ring expressed as a power of two. 



RLEN 


Number of Entries 





1 


1 


2 


2 


4 


3 


8 


4 


16 


5 


32 


6 


64 


7 


128 



Bit 11 Setting this bit enables the gener- 

RBSY ation of the Remote Busy Indica- 

tion primitive (PPRIM = 5) 
whenever there is a change in the 
Remote Busy status. 

Bit <10 : 08>. Reserved, must be written as ze- 
roes. 

Bit<07:00>/ RECEIVE DESCRIPTOR RING 
<15 : 00>, ADDRESS is the base address of 

RDRA. (lowest address) of the Receive 

Descriptor Ring. The Receive Ring 
must be aligned on a word bound- 
ary. 

Transmit Descriptor Ring Pointer 



1 i 

4 3 



1 10000000000 



2 10 9 6 7 6 5 



3 2 10 






I I 

TLEN 





I I 
7WD 


1 I 1 1 1 1 1 
TDRA< 23:16 > 




I I 




TORA<1J 

1 1 


5:00 > 

II I I I I 
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Bit 15. Reserved, must be written as a 

zero. 

Bit<14:12>, TRANSIT RING LENGTH is the 

TLEN. number of entires in the Transmit 

Ring expressed as a power of two. 

Bit 11. Reserved, must be written as a 

zero. 

Bit <10 : 08>, TRANSMIT WINDOW is the win- 
TWD. dow size of the Transmitter ex- 

pressed as a power of two less one. 
TWD is the maximum number of I 
frames which may be transmitted 
without an acknowledgement. 
TWD is not allowed to be greater 
than 127. 



Status Buffer Address 







TLEN 


Number of Entries 





1 


1 


2 


2 


4 


3 


8 


4 


16 


5 


32 


6 


64 


7 


128 



TWD 


Window Size 




EXTC = 


EXTC = 1 





NA 


1 


1 


1 


3 


2 


2 


7 


3 


3 


15 


4 


4 


31 


5 


5 


63 


6 


6 


127 


7 


7 


127 



Bit <07 : 00>/ TRANSMIT DESCRIPTOR RING 

<15 : 00>, ADDRESS is the base address of 

TDRA. (lowest address) of the Transmit 

Descriptor Ring. The Transmit 

Ring must be aligned on a word 

boundary. 

XID/TEST Descriptors. The XID/TEST Descriptors 
contain pointers to the buffers used to receive and 
transmit XI D and TEST frames, as well as the buff- 
er lengths. The exact format of these descriptors can 
be seen below under Receive and Transmit Mess- 
age Descriptor Entry descriptions. They are used 
the same as other descriptors except that no data 
chaining is allowed. 



7 6 5 4 3 



























I I I I I I I 
SBA< 23:16 > 

I I I I I I I 














I I I I I I 

SBA< 15:00 > 

I I I I I I I I 


I 


I 



Bit<15:08>. 



Reserved, 
roes. 



must be written as ze- 



Bit <07 : 00>/ 
<15 : 00>, 
SBA. 



STATUS BUFFER ADDRESS 
points to a 7 word buffer into which 
link status information is placed 
upon the issuance of the STAT 
primitive by the HOST. The con- 
tents of the Status Buffer are de- 
scribed later in this document. The 
Status Buffer must begin on a word 
boundary. 

Error Counters. Six locations in the initialization 
buffer are reserved for use as error counters which 
the MK5025 will increment. These are intended for 
use of the Host CPU for statistical analysis. The 
MK5025 will only increment the counters ; it is up to 
the user to clear and preset these counters. The 
error counters are : 

ERROR COUNTER 
Bad frames received 

- Bad FCS 

- Non-Octet Aligned 
Number of FRMR 
frames received 

IADR + 48 Number of T1 timeouts 

IADR + 50 Number of REJ 

frames received 
IADR + 52 Number of REJ 

frames transmitted 
IADR + 54 Frames shorter than 

minimum length received 

Receive and Transmit Descriptor Rings. Each 
descriptor ring in memory is a 4 word entry. The fol- 
lowing is the format of the receive and transmit de- 
scriptors. 
Receive Message Descriptor (RMD0) 

1 1 11 1 10000000000 
5432109876543210 



MEMORY ADDRESS 
IADR + 44 



IADR + 46 
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U 
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R 
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I I I I I I I 
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P 
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M 
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RBADR<23:16> 
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R 




I I I I I I I 
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Bit 15, 
OWNA. 



Bit 14, 
OWNB. 



Bit 13, 
SLF. 



Bit 12, 
ELF. 



Bit 11, 
UIR. 

Bit 10, 
FRMRR. 



Bit 09, 
RADR. 



When this bit is a zero either the 
HOST or the I/O ACCELERATION 
PROCESSOR owns this descrip- 
tor. When this bit is a one the 
MK5025 owns this descriptor. The 
chip clears the OWNA bit after fill- 
ing the buffer pointed to by the de- 
scriptor entry provided the received 
frame had a good FCS, N(r), and 
N(s). The Host sets the OWNA bit 
after emptying the buffer. Once the 
MK5025, Host, or I/O acceleration 
processor has relinquished owner- 
ship of a buffer, it may not change 
any field in the four words that com- 
prise the descriptor entry. 

This bit determines whether the 
HOST or the SLAVE PROCES- 
SOR owns the buffer when OWNA 
is a zero. The MK5025 never uses 
this bit. This bit is provided to facili- 
tate use of an I/O acceleration pro- 
cessor. 

Start of Long Frame indicates that 
this is the first buffer used by 
MK5025 for this frame. It is used for 
data chaining buffers. SLF is set by 
the chip. 

Note : A "Long Frame " is any frame 
which needs data chaining. Usualiy 
this will be an I frame, but it could 
also be a Ul or FRMR frame. 

End of Long Frame indicates that 
this the last buffer used by MK5025 
for this frame. It is used for data 
chaining buffers. If both SLF and 
ELF were set the frame would fit 
into one buffer and no data chain- 
ing would be required. ELF is set 
bytheMK5025. 

Ul Frame Received indicates that 
a Ul frame has been received and 
is stored in this buffer. 

FRMR Received indicates that the 
l-field of a FRMR is stored in the 
buffer referenced by this Message 
Descriptor. 

Valid only for frames received while 
in Transparent Mode with address 
filtering enabled. RADR indicates 
which of the 2 programmable ad- 
dresses the frame matched. If set, 
the received address field matched 
the value in the Local Address field 



of the Initialization Block. Other- 
wise it matched the value in the 
Remote Address field. 

Bit 08, Valid only for Ul, XID and TEST 

RPF. frames. RPF equals the state of the 

P or F bit for the recvd frame. 

Bit <07 : 00>, The High Order 8 address bits of 
RBADR. the buffer pointed to by this de- 

scriptor. This field is written by the 
Host and unchanged by MK5025. 

Receive Message Descriptor 1 (RMD1) 



1 

5 


1 
4 


1 
3 


1 
2 


1 

1 


10 
9 8 7 6 



5 



4 



3 



2 1 






I 




I 


I I I I I 
RBADR < 15:00 > 

I I I I I 








I I 


I I 



Bit <1 5 : 00>, The low order 1 6 address bits of the 
RBADR. receive buffer pointed to by this de- 

scriptor. RBADR is written by the 
Host CPU and unchanged by 
MK5025. The receive buffers must 
be word aligned. 

Receive Message Descriptor 2 (RMD2) 



1 1 1 

5 4 3 


1 
2 


1 
1 


1 




9 8 7 6 




5 



4 



3 



2 1 


I I 
I I 








I I I I I 
BCNT< 15:00 > 

I I I I I 








1 1 


1 1 



Bit <15 : 00>, Buffer Byte Count is the length of 
BCNT. the buffer pointed to by this de- 

scriptor expressed in two's comple- 
ment. This field is written to by the 
Host and unchanged by MK5025. 
Buffer size must be even. 

Receive Message Descriptor 3 (RMD3) 



1 1 1 

5 4 3 


1 
2 


1 




9 8 7 6 



5 



4 



3 



2 1 


I I I I I I I I I I I I I I I 

MCNT< 15:00 > 
I I I I I I I I I I I I I I I 



Bit <1 5 : 00>, Message Byte Count is the length, 
MCNT. in bytes, of the contents of the buff- 

er expressed in two's complement. 
If ELF = 0, MCNT will equal the 
two's complement of BCNT since 
the MK5025 will fill a buffer before 
chaining to the next descriptor. 
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Transmit Message Descriptor (TMDO) 



1 1 1 

4 3 2 



1 1 0000000000 
109876543210 
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TBADR< 23:16 > 
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I I I I I I I 



Bit 15, When this bit is a zero either the 

OWNA. HOST or the SLAVE PROCES- 

SOR owns this descriptor. When 
this bit is a one the MK5025 owns 
this descriptor. The host should set 
the OWNA bit after filling the buffer 
pointed to by the descriptor entry. 
The MK5025 releases the descrip- 
tor after transmitting the buffer and 
receiving the proper acknow- 
ledgement from the remote station. 
After the MK5025, Host, or I/O ac- 
celeration processor has relin- 
quished ownership of a buffer, it 
may not change any field in the four 
words that comprise the descriptor 
entry. 

Bit 14, This bit determines whether the 

OWNB. HOST or the I/O ACCELERATION 

PROCESSOR owns the buffer 
when OWNA is a zero. The 
MK5025 never uses this bit. This bit 
is provided to facilitate use of an I/O 
acceleration processor. 

Bit 13, Start of Long Frame indicates that 

SLF. this is the first buffer used by 

MK5025 for this frame. It is used for 

data chaining buffers. SLF is set by 

the Host. 

Note : A "Long Frame" is any frame 
which needs data chaining. Usually 
this will be an I frame, but it could 
also be a Ul frame or others. 

Bit 12, ELF. End of Long Frame indicates that 
this the last buffer used by MK5025 
for this frame. It is used for data 
chaining buffers. If both SLF and 
ELF were set the frame would fit 
into one buffer and no data chain- 
ing would be required. ELF is set 
by the Host. 

Bit 1 1 , Transmit a U I frame i ndicates that a 

TUI. Ul frame is to be transmitted from the 

transmit buffer instead of a normal I 



frame. This bit must also be set for 
anything transmitted while the 
MK5025 is in Transparent Mode. 

Bit 1 0, Transmit Interrupt Disable. If this bit 

TINTD is set, no transmit interrupt is 

generated when ownership of this 
descriptor is released back to the 
host. This allows users to limit the 
number of transmit interrupts. 

Bit 09 Reserved, must be written as ze- 

roes. 

Bit 8, Transmit P/F bit instructs the 

XPF. MK5025 to send the corresponding 

frame with a particular value for the 
P/F bit. This bit should equal the 
desired value of the transmitted 
P/F bit. This bit is valid only for Ul, 
XI D and TEST frames and should 
be written with zero otherwise. 

Bit <07 : 00>, The High Order 8 address bits of 
TBADR. the buffer pointed to by this de- 

scriptor. This field is written by the 
Host and unchanged by MK5025. 

Transmit Message Descriptor 1 (TMD1) 
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Bit <15 : 00>, The Low Order 16 address bits of 
TBADR. the buffer pointed to by this de- 

scriptor. TBADR is written by the 
Host and unchanged by MK5025. 
The least significant bit is zero 
since the descriptor must be word 
aligned. 

Transmit Message Descriptor 2 (TMD2) 
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Bit<15:00>, Buffer Byte Count is the usable 

BCNT. length, in bytes, of the buffer 

pointed to by this descriptor in two's 

complement. This field is not used 

by the MK5025. 
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Transmit Message Descriptor 3 (TMD3) 



1 1 
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1 
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MCNT<15:00> 
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Bit <1 5 : 00>, Message byte count is the length, 
MCNT. in bytes, of the contents of the buff- 

er associated with this descriptor 
expressed as a two's complement. 



V(r). 



V(s). 



Local State. 



Status Buffer 










SBA + 00 
SBA + 02 
SBA + 04 

SBA + 06 
SBA + 08 
SBA + 10 

SBA + 12 


1111110000000000 
5432109876543210 




I I I I I I I 
V(r) 

I I I II I I 


I 1 1 1 1 1 1 

V(s) 

II 1 1 1 1 1 




I I I I I I I 
Local Slate 

1 1 II 1 1 1 


II 1 II 1 1 
Remote State 

1 1 1 1 1 1 1 


M 1 1 ! 1 1 

Phase 

1 1 1 1 1 1 1 


1 1 1 1 1 II 
V(A) 


1 1 1 1 1 1 1 

Unused 

1 1 1 1 1 1 1 


CURRD<23:16> 

I I I I I I I 


1 1 1 1 1 1 1 

CURRD- 

1 1 1 1 1 1 1 


I I I I I I I 
c 15:00 > 

I I I I I II 


1 1 1 1 1 1 1 
Unused 

1 1 1 1 1 1 1 


I I I I I I I 
CURXD< 23:16 > 


1 1 1 II 1 1 

CURXD< 

1 1 1 1 1 1 1 


C 15:00 > 

I . I I. J_L I 1 







Current value of the Receive Count 
Variable. < V(r) < 7 for non-ex- 
tended control ; < V(r) < 127 for 
extended control. 

Current value of the Transmit 
Count Variable. <= V(s) <= 7 for 
non-extended control ; <= V(s) 
<= 127 for extended control. 

Current state of local otc^on. 
Value Description 

Normal Data Transfer state 

1 Local Busy state 



2 


REJ sent state 


3 


DISC sent state 


4 


Normal Disconnected state 


5 


SABM/E sent for link 




connection 


6 


FRMR sent state 


7 


SABM/E sent for link reset 


8 


Error Indication issued 


Remote State. Current state of remote station. 


Value 


Description 





Normal Data Transfer state 


1 


Remote Busy state 
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Phase. 



V(A). 



CURRD 
<23 : 00>. 



CURRXD 
<23 : 00>. 



Current phase of operation. 
Value Description 
- 1 Stopped Mode 

Information Transfer phase 

1 Disconnected phase 

2 Resetting phase 

3 Transparent Data Transfer 
phase 

Current value of Transmit Acknowl- 
edge Count.. This field contains the 
value of the N(r) of the most recent- 
ly received S or I frame. The modu- 
lo difference between V(A) and 
V(s) determines the number of out- 
standing I frames that have not 
been acknowledged by the remote 
station. 

Current Receive Descriptor. This 
pointer indicates the position of the 
descriptor for the next receive buff- 
er to be filled. 

Current Transmit Descriptor. This 
pointer indicates the position of the 



descriptor for the next transmit 
buffer to be transmitted. 

Data Link Services 

The MK5025 is consistent with the ISO Data Link 
Service Definition in providing services to the HOST. 
The following section is a brief description of this in- 
terface. 

All link oriented services are provided through the 
exchange of Data Link Service Primitives. These 
primitives provide services to the HOST. Each primi- 
tive falls into one of the following categories : 

1 . Link Establishment (Connection) 

2. Link Resetting 

3. Link Disconnection 

4. Data Transfer 

A primitive is also one of the following types : 

1 . Request 

2. Response 

3. Indication 

4. Confirmation 



Figure 7 : Examples of Confirmed Data Link Services. 



LOCAL STATION 
HIGHER LAYER ' OATA LINK LAYER 



REMOTE STATION 
I DATA LINK LAYER T HIGHER LAYER 
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Requests and Responses are issued by the HOST 
and Indications and Confirmations are issued by the 
MK5025. 

A Request will be issued by the HOST when a ser- 
vice is required. An Indication will be issued by the 
MK5025 when the remote system is attempting to 
change the data link status. A Response is issued 
by the HOST when receiving an indication for a con- 
firmed service. A confirmation is issued by the 
MK5025 when the remote system has responded to 
a previously requested service. 

In the MK5025, primitives are exchanged two ways : 
through the CSR1 and through the OWN bits in the 
descriptor rings. Connection, disconnection, and 
link reset primitives are exchanged through CSR1. 
Data transfer primitives are handled transparently 
by the OWN bit handshaking in the Descriptor 
Rings. 

Nine additional primitives have been included in the 
MK5025 to handle services not mentioned in the 
ISO Data Link Service definition. These primitives 
include : 

STOP - Disables the MK5025 from link oper- 
ation. MK5025 transmits 1's. 
INIT - Instructs the MK5025 to read the initializ- 
ation block. 

START - Enables the MK5025 for link oper- 
ation. MK5025 starts sending flags. 
TRANS - Enables the MK5025 for transparent 
operation. MK5025 starts sending flags. 
STAT - Instructs the MK5025 to write chip 
status in the status buffer. 
STEST - Instructs the MK5025 to perform an 
internal self test. 

ERROR - Indicates the occurence of a link 
error requiring higher level action. 
XI D - Confirmed exchange of identification (op- 
tional). 

TEST - Provides a full remote loopback test fa- 
cility (optional). 

For examples of the use of primitives, see the sec- 
tion on detailed programming procedures below. 

Detailed Programming Procedures 

Initialization. The following procedures should be 
followed to initialize the MK5025 : 

1 . Setup bus control information in CSR4. 



2. Setup Initialization Block and Descriptor Rings 
and load the address of the initialization block 
in CSR's 2 and 3. 

3. Issue the INIT primitive through CSR1 instruct- 
ing the MK5025 to read the initialization block 
information. 

4. Wait for INIT Confirmation primitive from the 
MK5025. 

5. Issue the START Primitive through CSR1 to 
enable the MK5025 for link operation. 

6. Enable interrupts in CSRO if desired. 

Active Link Setup. The following procedures 
should be followed to actively establish a link : 

1 . Issue the Connect Request primitive through 
CSR1 . The MK5025 will attempt to establish a 
logical link. 

2. Wait for a Connect Confirm primitive from the 
MK5025. 

3. If a Connect Confirm primitive is received, a 
link has been established. 

4. If a Disconnect Indication primitive is received, 
the MK5025 has been unable to establish a 
link. The reason will be in the PPARM field of 
CSR1. 

Passive Link Setup. The following procedures 
should be followed to passively establish a link : 

1 . Issue a Disconnect Request primitive. A DM 
frame with F bit clear will be sent to the remote 
station requesting link setup. This step is op- 

. tional. 

2. Wait for a Connect Indication primitive from the 
MK5025. 

3. If a Connect Indication primitive is received, 
issue a Connect Response primitive to indi- 
cate willingness to establish the link. The link 
is now established. 

4. If no Connect Indication primitive is received, 
the remote site is not trying to actively setup a 
link. 

Refusing Link Setup. The following procedure 
should be followed when refusing link estab- 
lishment : 

1. A Connect Indication will be received indicat- 
ing a request by the remote station to estab- 
lish a link. 

2. Issue a Disconnect Request to refuse the link 
establishment request. 
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Sending Data. The following procedure should be 
followed to send a data frame : 

1 . Wait for OWNA bit of current transmit descrip- 
tor to be cleared, if not already. 

2. Fill buffer associated with current transmit de- 
scriptor with data to be sent, or set descriptor 
buffer address to any already filled buffer. 

3. Repeat steps 1 and 2 for next buffer if chain- 
ing is necessary, setting SLF, ELF and MCNT 
appropriately. 

4. Set the OWNA bit for each descriptor used. 

5. Go on to next descriptor, these OWNA bits will 
be cleared when the data has been sucess- 
fully sent and acknowledged. In Transparent 
Mode, OWNA bits are cleared immediately 
after frame transmission. 

Receiving Data. The following procedure should be 
followed when receiving a data frame : 

1 . Make sure that the OWNA bit of the current re- 
ceive descriptor is clear. 

2. Read data out of buffer associated with current 
receive descriptor. 

3. Set the OWNA bit of current descriptor. 

4. If ELF bit of current descriptor is clear, go on 
to next descriptor and repeat above steps ap- 
pending data from each buffer until a descrip- 
tor with the ELF bit set is reached. 

Link Disconnection. The following procedure 
should be followed to disconnect an established 
link: 

1 . Issue the Disconnect Request primitive to the 
MK5025. The MK5025 will disconnect the link. 

2. A Disconnect Confirmation will be issued after 
successful disconnection. 

Link Reset. The following procedure should be fol- 
lowed to reset an established link : 

1 . Issue a Reset Request primitive to the 
MK5025. 

2. Wait for a Reset Confirm primitive from the 7 
MK5025. 

3. If a Reset Confirm primitive is received, the link 
has been reset. 

4. If a Disconnect Indication is received, the 
MK5025 was unable to reset and has discon- 
nected. The reason for failure is in the PPARM 
field of CSR1. Link connection procedures 
must now be performed to re-establish the link. 

Receiving Link Reset. The following procedure 
should be followed when receiving a request for link 
reset : 

1 . A Reset Indication will be received from the 
MK5025 indicating the remote station has re- 
quested a link resetting. 



2. If able to reset, issue a reset response to indi- 
cate willingness to reset the link. 

3. If unable to reset, issue a Disconnect Request 
to disconnect the link. 

Receiving FRMR Frame. The following procedure 
should be followed when receiving a FRMR : 

1 . An Error Indication will be received from 
MK5025 indicating an error condition. PPARM 
will indicate a FRMR frame has been received. 
The l-field of the FRMR has been placed in the 
next Receive Descriptor. 

2. If able to reset, issue a Reset Request to 
MK5025 and wait for either a Reset Indication 
or a Disconnect Indication as described above 
for Link Reset. 

3. If unable to reset, issue a Disconnect Request 
to disconnect the current link. Link setup pro- 
cedures should now be performed to re-estab- 
lish a link. 

Exchanging Identification. The following proce- 
dure should be followed to exchange identification 
with the remote : 

1 . XIDE in CSR3 must be set prior to any identi- 
fication exchange. 

2. Place identification information in the 
XID/TEST Transmit Buffer. 

3. Issue an XID Request primitive. 

4. If an XID Confirm primitive is received, the 
identication exchange has been performed 
and the remote response is located in the 
XID/TEST receive buffer. 

5. If a Disconnect Indication is received, the 
identification exchange was unsuccessful. 

Receiving an Identification Request. The follow- 
ing procedure should be performed when receiving 
a request for identification : 

1.An XID Indication primitive will be received 
from the MK5025 to indicate the request for 
identification. The remote identification infor- 
mation will be located in the XID/TEST receive 
buffer. 

2. To respond, place identification information in 
the XID/TEST send buffer and issue an XID 
Response primitive. 

3. To refuse, issue a Disconnect Request primi- 
tive. 

Note : An XID Indication will only be issued if the 
XIDE bit in CSR3 has been set Otherwise, all 
identification requests will automatically be re- 
fused and XID frames will not be recognized. 
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Disabling the MK5025. The following procedure 
should be followed to disable the MK5025 : 

1 . Issue the STOP primitive. This will disable the 
MK5025 from receiving or transmitting. The 
TD pin will be held high while the MK5025 is 
in stopped mode. The STOP bit in CSRO will 
be set and interrupts disabled. If a link is cur- 
rently established, data may be lost. 

Re-enabling the MK5025. The same procedure 
should be followed for re-enabling the MK5025 as 
was used to initialize upon power-up. If the Initializ- 
ation Block and the hardware configuration have not 
changed then steps 1 and 2 may be omitted. 

MK5025 Internal Self Test. The MK5025 contains 
an easy to use internal built-in self test designed to 
test, with a high fault coverage, all of the major 
blocks of the device except for the DMA controller. 
It is suggested that a loopback test also be per- 
formed to more completely test the DMA controller. 

The following procedure should be followed to ex- 
ecute internal self test : 

1 . Reset the device using the RESET pin. 

2. Set bit 04 of CSR4. 

3. Issue a Self Test Request request through 
CSR1. 

4. Poll CSR1 , waiting for the PAV bit in CSR1 to 
besetbytheMK5025. 



. After the PAV bit is set, read CSR1 . The suc- 
cess or failure of the test is indicated in the 
PPRIM and PPARM fields as follows : 
PPARM PPRIM RESULT 

Passed self test 

1 Failed the reset test of 
the self test 

2 Failed self test in the 
micro controller RAM 

3 Failed self test in 
the ALU 

4 Failed self test in 
the timers 

5 Failed self test in the 
transmitter and/or 
receiver 

6 Failed self test in the 
CSRs and/or bus master 
failed device. 

bit is not set within 75 msec 
(SYSCLK = 10MHz), the MK5025 is unable to 
respond to the Self Test Request and will not 
complete it successfully. 

If the self test passes, then it may be immediately 
re-executed from step 3, otherwise re-execution 
should proceed from step 1 . 



1 



Otherwise 
. If the PAV 
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ELECTRICAL SPECIFICATION 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Value 


Unit 


v, 


Voltage on any Pin Relative to GND 


- 0.5 to V cc + 0.5 


V 


T A 


Ambient Operating Temperature Under Bias 


- 25 to + 100 


°c 


Tstg 


Ambient Storage Temperature 


-65to + 150 


°c 


Pd 


Total Device Power Dissipation 


0.5 


w 



Note : Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. Tfojs is a stress 
rating only and functional operation of the device at these or any other condition above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 



DC CHARACTERISTICS (T A = 


= 0°C to 70°C, V cc 


= + 5V ± 5%, unless otherwise specified) 






Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit 


V,L 




-0.5 




+ 0.8 


V 


V, H 




+ 2.0 




V C c+0.5 


V 


Vol 


@ Iql = 3.2mA 






+ 0.5 


V 


Vqh 


@ 'oh = - 0.4mA 


+ 2.4 






V 


Iil 


@ V in = 0.4 to V cc 






± 10 


uA 


'cc 


T S ct= 100ns 




50 




mA 



CAPACITANCE (Frequency = 1MHz) 



Symbol 


Conditions 


Min. 


Max. 


Unit 


C|N 






10 


PF 


CoUT 






10 


PF 


Cio 






20 


PF 



AC TIMING SPECIFICATIONS (T A = 0°C to 70°C, V cc = + 5V ±5%, unless otherwise specified). 



N°. 


Signal 


Symbol 


Parameter 


Test 
Conditions 


Min. 
ns 


Typ. 
ns 


Max. 
ns 


1 


SYSCLK 


T SCT 


SYSCLK period 




100 




2000 


2 


SYSCLK 


T SCL 


SYSCLK low time 




45 






3 


SYSCLK 


Tsch 


SYSCLK high time 




45 






4 


SYSCLK 


T SCR 


Rise time of SYSCLK 









8 


5 


SYSCLK 


T SCF 


Fall time of SYSCLK 









8 


6 


TCLK 


Ttct 


TCLK period 




140 






7 


TCLK 


t tcl 


TCLK low time 




63 






8 


TCLK 


Ttch 


TCLK high time 




63 






9 


TCLK 


T TCR 


Rise time of TCLK 









8 


10 


TCLK 


t tcf 


Fall time of TCLK 









8 


11 


TD 


Ttdp 


TD data propagation delay after the falling 
edge of TCLK 


C L = 50pF 






40 


12 


TD 


t tdh 


TD data hold time after the falling edge of 
TCLK 


C L = 50pF 


5 
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AC TIMING SPECIFICATIONS (T A = 0°C to 70°C, V cc = + 5V ± 5%, unless otherwise specified) 


N°. 


Signal 


Symbol 


Parameter 


Test 
Conditions 


Min. 
ns 


Typ. 
ns 


Max. 
ns 


13 


RCLK 


Trct 


RCLK Period 




140 






14 


RCLK 


Trch 


RCLK High Time 




63 






15 


RCLK 


Trcl 


RCLK Low Time 




63 






16 


RCLK 


Trcr 


Rise Time of RCLK 









8 


17 


RCLK 


t rcf 


Fall Time of RCLK 









8 


18 


RD 


Trdr 


RD Data Rise Time 









8 


19 


RD 


Trdf 


RD Data Fall Time 









8 


20 


RD 


Trdh 


RD Hold Time after Rising Edge of RCLK 




5 






21 


RD 


Trds 


RD setup Time Prior to Rising Edge of 
RCLK 




30 






22 


A/ADL 


Tdoff 


Bus Master Driver Disable after Rising 









50 


Edge of HOLD 


23 


A/DAL 


Tdon 


Bus Master Driver Enable after Falling 
Edge of HLDA 


T SCT = 100nS 







200 


24 


HLDA 


Thha 


Delay to Falling Edge of HLDA from 
Falling Edge of HOLD (bus master) 











25 


RESET 


Trw 


RESET Pulse Width 




30 






26 


A/DAL 


TcYCLE 


Read/write, Address/data Cycle Time 


T SCT = 100nS 


600 






27 


A 


Txas 


Address Setup Time to Falling Edge of 
ALE 




100 






28 


A 


TxAH 


Address Hold Time after the Rising Edge 
of DAS 




50 






29 


DAL 


Tas 


Address Setup Time to the Falling Edge of 
ALE 




75 






30 


DAL 


Tah 


Address Hold Time after the Falling Edge 
of ALE 




20 






31 


DAL 


Trdas 


Data Setup Time to the Rising Edge of 
DAS (bus maaster read) 




55 






32 


DAL 


Trdah 


Data Hold Time after the Rising Edge of 
DAS (bus master read) 











33 


DAL 


Tddas 


Data Setup Time to the Falling Edge of 
DAS (bus master write) 











34 


DAL 


Twds 


Data Setup Time to the Rising Edge of 
DAS (bus master write) 




250 






35 


DAL 


TWDH 


Data Hold Time after the Rising Edge of 
DAS (bus mater write) 




35 






36 


DAL 


TSRDH 


Data Hold Time after the Rising Edge of 
DAS (bus slave read) 


T SCT = 100nS 







35 


37 


DAL 


TSWDH 


Data Hold Time after the Rising Edge of 
DAS (bus slave write) 











38 


DAL 


TSWDS 


Data Setup Time to the Falling Edge of 
DAS (bus slave write) 











39 


ALE 


TALEW 


ALE width high 




110 
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AC TIMING SPECIFICATIONS (T A = 0°C to 70°C, V cc = + 5V ± 5%, unless otherwise specified). 


N°. 


Signal 


Symbol 


Parameter 


Test 
Conditions 


Min, 
ns 


Typ. 
ns 


Max. 
ns 


40 


ALE 


Tdale 


Delay from rising edge of DAS to the rising 
edge of ALE 




70 






41 


DAS 


Tdsw 


DAS width low 




200 






42 


DAS 


Tadas 


Delay from the falling edge of ALE to the 
falling edge of DAS 




80 






43 


DAS 


Tridf 


Delay from the rising edge of DALO to the 
falling edge of DAS (Bus master read) 




35 






44 


DAS 


Trdys 


Delay from the falling edge of READY to 
the rising edge of DAS 


Taryd = 300nS 
T SCT = 100nS 


120 




200 


45 


DALI 


Troif 


Delay from the rising edge of DALO to the 
falling edge of DALI (Bus master read) 




70 






46 


DALl 


Tris 


DALI setup time to the rising edge of DAS 
(Bus master read) 




150 






47 


daO 


Trih 


DALI hold time after the rising edge of 
DAS (Bus master read) 











48 


daO 


Triof 


Delay from the rising edge of DALI to the 
falling edge of DALO (Bus master read) 




70 






49 


DALO 


Tos 


DALO setup time to the falling edge of 
ALE (Bus master read) 




110 






50 


DALO 


Troh 


DALO hold time after the falling edge of 
ALE (Bus master read) 




35 






51 


DALO 


Twdis 


Delay from rising edge of DAS to the rising 
edge of DALO (bus master write) 




50 






52 


CS 


"•"csh 


CS hold time after the rising edge of DAS 
(bus slave) 











53 


CS 


Tcss 


CS setup time to the falling edge of DAS 
(bus slave) 











54 


ADR 


TsAH 


ADR hold time after the rising edge of 
DAS (bus slave) 











55 


ADR 


T SAS 


ADR setup time to the falling edge of DAS 
(bus slave) 











56 


READY 


Taryd 


Delay from the falling edge of ALE to the 
falling edge of READY to insure a 
minimum bus cycle (600nS) 


T SCT = 100nS 






150 


57 


READY 


t srds 


Data setup time to the falling edge of 
READY (bus slave read) 




75 






58 


READY 


Trdyh 


READY hold time after the rising edge of 
DAS (bus master) 











59 


READY 


TsRYH 


READY hold time after the rising edge of 
DAS (bus slave) 


T SCT = 100nS 







35 


60 


READ 


Tsrh 


READ hold time after the rising edge of 
DAS (bus slave) 











61 


READ 


Tsrs 


READ setup time to the falling edge of 
DAS (bus slave) 











62 


READY 


Trdyd 


Delay from falling edge of DAS to falling 
edge of READY (bus slave read) 


T SCT = 100nS 




200 
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Figure 8 : Output Load Diagram. 



TEST 

POINT 

O 



FROM OUTPUT 
UNDER TEST ' 



v a 

? 



<h 



R, = 1 2K 

CR 1 -CR 4 = 1N914 OR EQUIVALENT 
C L = 50pF min @ 1 MHz 



© 



Figure 9 : Serial Link Timing Diagram. 




Note : Timing Measurements are made at the following voltages, unless otherwise specified : 
"1" "0" 

OUTPUT 2.0V 0.8V 

INPUT 2.0V 0.8V 

FLOAT 90%Voh 10% Vol 
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Figure 10 : Bus Master Timing Diagram (Read). 
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Note : The Bus Master cycle time will increase from a minimum of 600ns in 100ns steps until the slave device returns READY. 
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Figure 11 : Bus Master Timing Diagram (Write). 



100 200 300 400 500 600 

1 I I I I I I 



24 



f 



OALO 



\ 



m 



-•-27 -A 



-«-29-»> 
30 

I 



42 
i^-56 ^ 



.-I 



DATA OUT 



V 



Note : The Bus Master cycle time will increase from a minimum of 400ns in 100ns steps until the slave device returns READY. 
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Figure 12 


: MK5025 Bus Slave Timing Diagram (Read). 
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Figure 13 : MK5025 Bus Slave Timing Diagram (Write). 
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PACKAGES MECHANICAL DATA 

Figure 14: MK5025P 48-Pin Ceramic Dual in Line Package. 
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Dim. 


mm 


Inches 


Min. 


Typ.. 


Max. 


Min. 


Typ. 


Max. 


A 














a1 




1.27 






.050 




a2 














B 




1.02 






.040 




b1 




0.45 






.017 




b2 




0.25 






.009 




C 




2.46 






.096 




D 






61.59 






2.424 


E 




15.24 






.600 




e 




2.54 






.100 




e3 




58.42 






2.300 




F 






15.34 




.600 




L 




3.30 






.129 




K 




12.80 






.500 




K1 




12.80 






.500 





Figure 15 : MK5025Q 52-Lead Plastic Leaded Chip Carrier. 




Dim. 


Inches 


Notes 


Min. 


Typ.. 


A 


.165 


.185 


2 


Ai 


.090 


.120 


2 


B 


.026 


.032 


2 


Bi 


.013 


.021 


2 


D 


.785 


.795 




Di 


.750 


.756 




D 2 


.690 


.730 




E 


.785 


.795 




Ei 


.750 


.756 




E 2 


.690 


.730 




h 


.042 


.060 




J 


.042 


.060 




k 


.042 


.056 





PIN OUT: 



VSS 

DAL07 

DAL06 

DAL05 

DAL04 

DAL03 

DO NOT CONNECT 

8 DAL02 

9 DAL01 

1 DALOO 
READ 

12 INTR* 

13 DALI* 

14 DALO* 

15 DAS* 

16 BMO*BYTE/BUSREL* 



11 



17 DO NOT CONNECT 

18 BM17BUSAKO* 

19 HOLD7BURSQ* 

20 ALE/AS* 



* = ACTIVE LOW 

21 HLDA* 

22 CS* 

23 ADR 

24 READY* 

25 RESET* 

26 VSS (GROUND) 

27 DO NOT CONNECT 

28 TCLK* 

29 DTR, RTS* 

30 RCLK* 

31 SYSCLK 

32 TD 

33 DSR, CTS* 

34 RD 

35 ADDRESS 23 

36 DO NOT CONNECT 



37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 



ADDRESS 22 
ADDRESS 21 
ADDRESS 20 
ADDRESS 19 
ADDRESS 18 
ADDRESS 17 
ADDRESS 16 
DAL 15 
DAL 14 
DAL13 
DAL 12 
DAL11 
DAL 10 
DAL09 
DAL08 
VCC 
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ORDER CODES 


Part Number 


I/O 


Data Rate 


Clock Frequency 


Temperature 
Range 


Package Type 


MK5025P-00/01 

MK5025P-I 

MK5025P-00/01 




7MB/S 
7MB/S 


10MHz 
10MHz 
10MHz 


0°C to 70°C 
0°C to 70°C 
0°C to 70°C 


CDIP-48 600-MIL 
CDIP-48 600-MIL 
CDIP-48 600-MIL 


MK5025Q-00/01 

MK5025Q 

MK5025Q-00/01 




7MB/S 
7MB/S 


10MHz 
10MHz 
10MHz 


0°C to 70°C 
0°C to 70°C 
0°C to 70°C 


PLCC-52 
PLCC-52 
PLCC-52 



Note : CDIP = Ceramic Multilayer DIP, PLCC = Plastic leaded Chip carrier, PDIP = Plastic DIP. 



IMKI 



5025 j 



00 | 



Speed grade 
" MK502500/01 

Package Type 
- P : CERAMICS IDEBRAZE 
Q : PLCC 

Device family and 

■ number identification 
5025 

■ SGS-THOMSON prefix 
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APPLICATION NOTE 



MK5025 
TRANSPARENT MODE 



INTRODUCTION 

The SGS-THOMSON X.25 Link Level Controller 
(MK5025) is a VLSI device which provides a com- 
plete link level data communication control confor- 
ming to the 1984 CCITT version of X.25. The 
MK5025 also supports X.32 (XID) and X.75 as well 
as single channel LAPD for ISDN with its Ul frames 
and extended addressing capabilities. 

One of the outstanding features of the MK5025 is 
its buffer managment which includes on-chip DMA. 
This feature allows users to handle multiple frames 
of receive and transmit data at a time. In order to 
utilize these buffer managment and DMA features 
with protocols not directly supported by the 
MK5025, a transparent mode is available for cus- 
tomized protocols using HDLC framing. This trans- 
parent mode provides an HDLC transport 
mechanism without link layer support. Extended ad- 
dressing and control are optionally supported with- 
in transparent mode. Address filtering is also 
optional in this mode. 

PURPOSE 

The purpose of this application brief is to provide a 
detailed description of the MK5025 transparent 
mode and its options. Please refer to the MK5025 
Technical Manual for more detailed information con- 
cerning the overall operation of the MK5025. 

TRANSPARENT MODE ENTRY AND EXIT 

To enter the transparent mode of operation, a user 
primitive Trans (UPRIM 3) is written to Control 
Status Register 1 (CSR1 ) after the completion of the 
first 4 steps of the Initialization procedure described 
in page 4-24 of the MK5025 Technical Manual. (The 
Trans Primitive is substituted for the Start primitive). 
The transmitter then begins to output flags, and data 
frames are transmitted and received via the descrip- 
tor rings, but no protocol processing is done. Ad- 
dress and Control Fields are not prepended to the 
frames, and FCS (Frame Check Sequence) pro- 
cessing may be enabled or disabled by the DRFCS 
and DTFCS bits in the mode register, as described 



on page 4-1 2 of the Technical Manual. Transparent 
mode may be exited only with a Stop primitive 
(UPRIM 0) or by bus reset. 

CONTROL AND STATUS REGISTER 
OPERATION 

In transparent mode all the control and status reg- 
ister mechanisms are still functional, but there are 
several bits that pertain only to the protocols direct- 
ly supported by the MK5025 and are not valid in 
transparent mode. The following is a list of the va- 
lidity of the bits in each CSR and the mode register 
when in transparent mode. 

CSRO - All r^its in this register are valid in Transpar- 
ent mode. Itshould be noted that interrupts can only 
be set (by setting bit 09, INEA = 1) once the device 
is in start or transparent mode. 

CSR1 - All bits except PPARM are valid, although 
only for a few non-protocol related conditions. Since 
in transparent mode only a Stop User Primitive 
would have been valid, User Primitives 8 and 9 have 
been redefined. When in transparent mode, issuing 
User Primitive 8 (UPRIM 8) will start T1 timer and 
User Primitive 9 (UPRIM 9) will stop it. In this case 
Provider Primitive 8 (PPRIM 8) has been redefined 
to indicate expiry of T1 timer. 

CSR2 - Aside from the IADR bits, only the PROM 
and XI DE bits have valid meaning in transparent 
mode. The XIDE bit can be set to 1 to enable global 
address recognition, and the PROM bit is used to 
disable address filtering in transparent mode. 

CSR3 - As in CSR2, the IADR bits contain the ad- 
dress of the first word in the Initialization Block. Bits 
00 - 07 in CSR2 contain the high order 8 bits, and 
bits 00 - 1 5 of CSR3 contain the low order 1 6 bits of 
the address of the first word of the Initialization 
Block. 

CSR4 - All bits in this register are valid in transpar- 
ent mode, including the FIFO watermarks and bur- 
sting operations. 

CSR5 - All bits are valid in transparent mode. 
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MODE REGISTER OPERATION 

All bits in the Mode Register are valid including MFS 
(Minimum Frame Spacing) and LBACK (Loopback). 
However, bits 09 (EXTAF) and 1 (EXTCF) are use- 
ful mainly in transparent mode, for forcing extended 
address and control field filtering. The DACE bit also 
offers further flexibility in transparent mode by allow- 
ing address and control fields to be treated as nor- 
mal data when DACE = 1 , as shown in table 2. 

It should be noted that although DTFCS and DRFCS 
(bits 04 & 05) may be used to disable FCS gener- 
ation and checking, the value in the FCS field of the 
received frame will not be stored in memory, even 
in transparent mode. 

DESCRIPTOR RING OPERATION 

The buffer management and descriptor ring oper- 
ation is the same in transparent as non-transparent 
mode. It should be noted however that for the Trans- 
mit Message Descriptor, TUI (bit 11 of TMDO) 
should be set to 1 for anything transmitted in trans- 
parent mode. This is done because data transmitted 
in transparent mode is considered much the same 
as a Ul frame rather than a normal I frame. 

In transparent mode as in non-transparent mode, 
the Transmit Window size (TWD) in the Transmit 
Descriptor Ring Pointer must be set to a value 
greater than for any transmission to occur. In fact, 
if TWD = the MK5025 will not poll the Transmit De- 
scriptor Ring. 



ADDRESS FIELD FILTERING AND CON- 
TROL FIELD OPERATION 

The frame structure for HDLC is as follows : 



F 


A 


C 


I 


FCS 


F 



where : F = Flag 

A = Address field (A-field) 
C = Control field (C-field) 
FCS = Frame Check Sequence 

According to HDLC rules, the A-field may be one or 
more octets in length. If the LSB of the first octet is 
0, then the second octet is also part of the A-field. If 
the LSB of the second is 0, then the third octet is 
part of the A-field, and so on until an octet has an 
LSB = 1 . The MK5025 allows the A-field to be one 
or two octets, depending upon the EXTA bit (Mode 
Register bit 10). 

The C-field is one octet for modulo 8 for all frames. 
For modulo 128, the C-field is said to be extended, 
and is two octets for S (Supervisory) and I (Informa- 
tion) frames and one octet for U (Unnumbered) 
frames. 

In the MK5025, address filtering and control field 
handling applies only to octet aligned frames re- 
ceived with good FCS. Any frame not meeting both 
of these conditions is discarded and the "Bad 
Frames Received" error counter (located at IADR + 
44 of the Initialization Block) is incremented. 



Table 1 


MK5025 Address Filtering Options. 


EXTA 


EXTAF 


XIDE 


PROM 


DACE 


ADDRESS FILTERING 



X 





X 

X 



X 
1 
X 



1 

X 



X 


1 


Single Octet Filtering L &R (Local & Remote adresses) 
No Address Filtering, all Frames Accepted 
Single Octet Filtering L & R and Global 
Not Allowed 


1 
1 
1 







1 
1 





X 





X 




1 





Double Octet Filtering L & R per HDLC Rules 
Double Octet Filtering L & R per HDLC Rules 
Double Octet Filtering L & R Regardless of A - Field LSB 
Not Allowed 



Notes : 1 . EXTA = Extended address, Mode register bit 06. EXTAF = Extended address force, Mode register bit 09. 

2. XIDE = XID enabled, CSR2 bit 08. PROM = Promiscuous mode, CSR2 bit 10. 

3. DACE = Disable address and control field extraction for load to memory, Mode register bit 08. 

4. L&R = Local and Remote addresses. X = Do not care. 
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In the transparent mode, address filtering is sup- 
ported if the PROM bit (CSR2, bit 10) is 0. In this 
case, frames are accepted if the received A-field 
matches either the Local Station Address or the 
Remote Station Address as specified in the Initializ- 
ation Block. This is a one octet compare if the ex- 
tended address bit, EXTA is (Mode register bit 06), 
or follows the HDLC rules for extended addressing 
if EXTA is 1 . Frames not matching either address 
are ignored. 

Extended control is also valid in transparent mode 
using the EXTC bit (Mode Register bit 07), as shown 
in table 1 and table 2. If EXTC is then the C-field 
is one octet for all frames. If however EXTC is set 
to 1 , the MK5025 will look to see if either of the two 
least significant bits of the C-field is 0. If so, the frame 
is said to have an extended control field which is two 
octets. In addition, bits EXTAF and EXTCF (Mode 
Register bit 09 & 1 0) are useful in transparent mode 
to force extended address and control. If EXTAF is 
set along with EXTA, the receiver will assume the 
address field to be two bytes long regardless of the 
first bit of the address field. If EXTCF is set along 
with EXTC, the receiver will assume the control field 
to be two bytes long regardless of the first two bits 
of that field. 

For global addresses, the XI DE bit is valid in trans- 



parent mode, depending upon the settings of the 
other bits in the Mode Register, as shown in table 1 . 
If XID is enabled by setting bit XIDE (CSR2 bit 08) 
to 1 , then all frames with address "11111111" are 
accepted. Even frames which are not XID are ac- 
cepted. In this case, a global address is considered 
as a command frame. 

Address and control field extraction can be disabled 
in transparent mode, through use of the if PROM bit 
(CSR2, bit 1 0) and DACE bit (Mode Register bit 08), 
as shown in table 2. If the PROM bit is-1 , all frames 
are accepted. When both the PROM bit and the 
DACE bit are set to 1 , the device is considered to 
be in total transparent mode. In this mode no proto- 
col processing is done and all data after the open- 
ing flag and before the FCS is loaded into memory. 

CONCLUSION 

The MK5025 offers great flexibility to the data com- 
munications system designer. The on-chip protocol 
processing may be used to save the designer much 
time in implementing standard protocols such as 
X.25, LAPB, ISDN LAPD, X.32, and X.75, while still 
allowing the flexibility of implementing alternate or 
customized HDLC based protocols using the 
MK5025's transparent mode. 



Table 2: Address and Control Field Handling by the MK5025 Receiver. 




DACE 


PROM 


EXTA 


EXTAF 


EXTC 


EXTCF 


Address Field Handling 


Control Field Handling 




















A Filtered 


CC -> MEM1 














1 





A Filtered 


CC or EC -> MEM1 








1 











A or EA Filtered 


CC -> MEM1 








1 


1 








EA Filtered 


CC -> MEM1 








1 





1 





A or EA Filtered 


CC or EC -> MEM1 








1 


1 


1 


1 


EA Filtered 


EC -> MEM1 





1 














Not Filtered, AA -> MEM1 


CC -> MEM2 





1 








1 





Not Filtered, AA -> MEM1 


CC or EC -> MEM2 





1 


1 











Not Filtered, AA or EA->MEMt 


CC -> MEM2 





1 


1 


1 








Not Filtered, EA -» MEM1 


CC -> MEM2 





1 


1 





1 


1 


Not Filtered, AA or EA->MEM1 


EC -» MEM2 


1 





X 


X 


X 


X 


First 2 Octets Always Filtered 


EC -> MEM1 


1 


1 


X 


X 


x 


X 


Total Transparent Mode 


All Data after Opening Flag & 
before FCS -> Memory 



Notes : 1. MEM1 is the first location and MEM2 is the second location where received data is loaded. MEM1 and MEM2 are each 
1 6 bits wide. 

2. C is the received, single octet, control field. CC =* MEMx means the single octet control field C is loaded into both bytes 
of a 16 bit memory location. Similarly, A is a single octet address field, and AA => MEMx means the single octet address 
field A is loaded into both bytes of a 16 bit memory location. 

3. EC is an extended control field (2 octets) for received S and I frames. For received U frames, the control field is not ex- 
tended (1 octet). This determines whether CC or EC =*> MEMx. However, when EXTCF is set to 1, the control field is al- 
ways extended (EC = 2 octets). 

4. EA is an extended address field (2 octets). "A or EA filtered" means that one octet of the A-field is filtered if the LSB = 1 , 
or two octets are filtered if the LSB = 0. Similarly "AA or EA => MEM1" means that AA is loaded into memory if the 
LSB = ; else, EA is loaded. This conforms to HDLC rules for extended address. However, if EXTAF is set to 1, two oc- 
tets are filtered regardless of the LSB, and EA will be loaded into memory. 

5. EXTCF = Extended control force, Mode register bit 10. 

6. DACE, PROM, EXTA, EXTAF, and EXTC are as defined in the notes for table 1 . X = Do not care. 
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MK5025 
SYNCHRONOUS TIMING 



INTRODUCTION 

The SGS-THOMSON MK5025 X.25 Link Level 
Controller is a VLSI device which provides a com- 
plete link level data communication control confor- 
ming to the 1984 CCITT version of X.25. The 
MK5025 also supports X.32 (XID) and X.75 as well 
as single channel LAPD for ISDN with its Ul frames 
and extended addressing capabilities. 

PURPOSE 

Although the MK5025 Data Sheet and Technical 
Manual provide detailed asynchronous* timing diag- 
rams that specify the relationships of the host inter- 



face signals to one another, the designer may often 
find it helpful to know how these timing values relate 
to the system clock. The purpose of this application 
brief is to provide a description of the MK5025 host 
interface as related to SYSCLK (MK5025 pin 28). 

Because of the asynchronous nature of the use of 
this device, the MK5025 production testing is per- 
formed to ensure compliance with the asynchron- 
ous timing specifications stated in the Data Sheet 
and Technical Manual. It should be noted that al- 
though the synchronous timing diagrams in this do- 
cument are provided to facilitate the design process, 
the timing requirements in the Data Sheet must 
still be met to ensure proper operation. 



Figure 1 : MK5025 Bus Slave Write Cyck 
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Notes : Input setup and hold times are in italics. These times are the typical minimum values required to or from the specified edge to 
be recognized within that clock cycle. 
Output delay times are the typical maximum from the specified edge to a valid output. 
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SYNCHRONOUS TIMING 

The synchronous timing data contained within this 
document was derived from a sample of MK5025 
devices and guard-banded to allow for process vari- 
ations. Although these values are not guaranteed or 
tested in the manufacturing process, the typical 
MK5025 device performance should meet or ex- 
ceed these timing values. 

Figures 1 and 2 provide the typical timing relation- 
ships, with respect to SYSCLK, for the MK5025 oper- 
ating as a bus slave. Figures 3 and 4 provide the 
typical timing relationships, with respect to SYSCLK, 
for the MK5025 operating as a bus master. 

The input setup and hold times given in this docu- 
ment are typical minimum values required to or from 

Figure 2 : MK5025 Bus Slave Read Cycle. 



the SYSCLK edge indicated in order to be recog- 
nized within that SYSCLK cycle. The output delay 
times are the typical maximum delay from the indi- 
cated edge to a valid output state. 

CONCLUSION 

The MK5025 offers great flexibility to the data com- 
munications system designer. The on-chip protocol 
processing may be used to save the designer much 
time in implementing standard protocols such as 
X.25, LAPB, ISDN LAPD, X.32, and X.75, and these 
synchronous timing diagrams are provided to fur- 
ther facilitate the design process. 
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Notes : Input setup and hold times are in italics. These times are the typical minimum values required to or from the specified edge to 
be recognized within that clock cycle. 
Output delay times are,the typical maximum from the specified edge to a valid output. 
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Figure 3 : MK5025 Bus Master Write Cycle. 
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Notes : The typical MK5025 device performance should meet or exceed the typical timing values given above. Asynchronous timing 
requirements given in the Technical Manual still apply. 

Input setup and hold times are in italics. These times are typical minimum values required to or from the particular edge speci- 
fied in order to be recognized in that cycle. 
Output delay times are the typical maximum delay from the specified edge to a valid output. 
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Figure 4 : MK5025 Bus Master Read Cycle. 




BM0.1 



Notes : The typical MK5025 device performance should meet or exceed the typical timing values given above. Asynchronous timing 
requirements given in the Technical Manual still apply. 

Input setup and hold times are in italics. These times are typical minimum values required to or from the particular edge speci- 
fied in order to be recognized in that cycle. 
Output delay times are the typical maximum delay from the specified edge to a valid output. 
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SS7 SIGNALLING 
LINK CONTROLLER 



. CMOS 

. FULLY COMPATIBLE WITH BOTH 8 OR 1 6 BIT 
SYSTEMS 

■ SYSTEM CLOCK RATE TO 10MHz 

■ DATA RATE UP TO 2.5Mbps FOR SS7 PROTO- 
COL PROCESSING , 7Mbps FOR TRANSPAR- 
ENT HDLC MODE 

■ COMPLETE LEVEL 2 IMPLEMENTATION 

. COMPATIBLE WITH 1988 CCITT, AT&T, ANSI, 
AND BELLCORE SIGNALLING SYSTEM NUM- 
BER 7 LINK LEVEL PROTOCOLS 

■ 52 PIN PLCC AND 48-PIN DIP PIN-FOR-PIN 
COMPATIBLE WITH THE SGS-THOMSON 
X.25 CHIP (MK5025) AND NEARLY PIN-FOR- 
PIN COMPATIBLE WITH THE SGS-THOMSON 
VLANCECHIP(MK5032) 

. BUFFER MANAGEMENT INCLUDES : 

- Initialization Block 

- Separate Receive and Transmit Rings 

- Variable Descriptor Ring and Window Sizes. 
. ON CHIP DMA CONTROL WITH PROGRAMM- 
ABLE BURST LENGTH 

■ SELECTABLE BEC OR PCR RETRANS- 
MISSION METHODS, INCLUDING FORCED 
RETRANSMISSION FOR PCR 

. HANDLES ALL 7 SS7 TIMERS 

■ HANDLES ALL SS7 FRAME FORMATTING : 

- Zero bit insert and delete 

- FCS generation and detection 

- Frame delimiting with flags 

■ PROGRAMMABLE MINIMUM SIGNAL UNIT 
SPACING (number of flags between SU's) 

. HANDLES ALL SEQUENCING AND LINK CON- 
TROL. 

■ SELECTABLE FCS OF 16 OR 32 BITS 
. TESTING FACILITIES : 

- Internal Loopback 

- Silent Loopback 

- Optional Internal Data Clock Generation 

- Self Test. 

. ALL INPUTS AND OUTPUTS ARE TTL COM- 
PATIBLE 

■ PROGRAMMABLE FOR FULL OR HALF DU- 
PLEX OPERATION 

DESCRIPTION 

The SGS-Thomson Signalling System #7 Signalling 
Link Controller (MK5027) is a VLSI semiconductor 

August 1989 



device which provides a complete link control func- 
tion conforming to the 1 988 CCITT version of SS7. 
This includes frame formatting, transparency (so- 
called "bit-stuffing") , error recovery by two types of re- 
transmission, error monitoring, sequence number 
control, link status control, and FISU generation. One 
of the outstanding features of the MK5027 is its buffer 
management which includes on-chip DMA. This fea- 
ture allows users to handle multiple packets of re- 
ceive and transmit data at a time. (A conventional 
data link control chip plus a separate DMA chip would 
handle data for only a single block at a time.) The 
MK5027 may be used with any of several popular 1 6 
and 8 bit microprocessors, such as 68000, 6800, 
Z8000, Z80, LSI-1 1, 8086, 8088, 8080, etc. 




Figure 1 : Pin Connection. 
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Table 1 : Pin Description. 

LEGEND : 

I Input only O 

IO Input/Output 3S 

OD Open Drain (no internal pull-up) 



Output only 
3-State 



Signal Name 


Pin(s) 


Type 


Description 


DAL<15:00> 


2-9 
40-47 


IO/3S 


The time multiplexed Data/Address bus. During the address portion of a 

memory transfer, DAL<15:00> contains the lower 16 bits of the memory 

address. 

During the data portion of a memory transfer, DAL<15:00> contains the 

read or write data, depending on the type of transfer. 


READ 


10 


IO/3S 


READ indicates the type of operation that the bus controller is 
performing during a bus transaction. READ is driven by the MK5027 
only while it is the BUS MASTER. READ is valid during the entire bus 
transaction and is tristated at all other times. 
MK5027 as a Bus Slave : 

READ = HIGH - Data is placed on the DAL lines by the chip. 

READ = LOW - Data is taken off the DAL lines by the chip. 
MK5027 as a Bus Master : 

READ = HIGH - Data is taken off the DAL lines by the chip. 

READ = LOW - Data is placed on the DAL lines by the chip. 


INTR 


11 


O/OD 


INTERRUPT is an attention interrupt line that indicates that one or more 
of the following CSRO status flags is set : MISS, MERR, RINT, TINT or 
PINT. INTERRUPT is enabled by CSR0<09>, INEA = 1 . 


DALJ 


12 


0/3S 


DAL IN is an external bus transceiver control line. DALI is driven by the 
MK5027 only while it is the BUS MASTER. DALI is asserted by the 
MK5027 when it reads from the DAL lines during the data portion of a 
READ transfer. DALI is not asserted during a WRITE transfer. 


DALO 


13 


0/3S 


DAL OUT is an external bus transceiver control line. DALO is driven by 
the MK5027 only while it is the BUS MASTER. DALO is asserted by the 
MK5027 when it drives the DAL lines during the address portion of a 
READ transfer or for the duration of a WRITE transfer. 


DAS 


14 


IO/3S 


DATA STROBE defines the data portion of a transaction. By definition, 
data is stable and valid at the low to high transition of DAS. This signal 
is driven by the MK5027 while it is the BUS MASTER. During the BUS 
SLAVE operation, this pin is used as an input. At all other times the 
signal is tristated. 


BMO 

BYTE 

BUSREL 


15 


IO/3S 


I/O pins 15 and 16 are programmable through CSR4. If bit 06 of CSR4 
is set to a one, pin 15 becomes input BUSREL and is used by the host 
to signal the MK5027 to terminate a DMA burst after the current bus 
transfer has completed. If bit 06 is clear the pin 15 is an output and 
behaves as described below for pin 16. 



Note : Pin out shown is for 48 pin dip. 
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Table 1 : Pin Description (continued). 



Signal Name 



Pln(s) 



Type 



Description 



BM1 
BUSAKO 



16 



0/3S 



Pins 15 and 16 are programmable though bit 00 of CSR4 (BCON). 
If CSR4<00> BCON = 0, 

l/OPIN15 = BMO(0/3S) 

l/OPIN16 = BM1 (0/3S) 
BYTE MASK<1 :0> indicates the byte(s) on the DAL to be read or written 
during this bus transaction. MK5027 drives these lines only as a Bus 
Master. MK5027 ignores the BM lines when it is a Bus Slave. 
Byte selection is done as outlined in the following table. 

BM? BMO TYPE OF TRANSFER 



LOW 
LOW 

HIGH 

HIGH 



LOW 
HIGH 

LOW 

HIGH 



ENTIRE WORD 
UPPER BYTE 
(DAL<15:08>) 
LOWER BYTE 
(DAL<07:00>) 
NONE 



lfCSR4<00>BCON = 1, 

I/O PIN 15 = BYTE (Q/ 3S) 

I/O PIN 16 = BUSAKO (O) 
Byte selection is done using the BYTE line and DAL<00> latched 
during the address portion of the bus transaction. MK5027 drives BYTE 
only as a Bus Master and ignores it when a Bus Slave. Byte selection is 
done as outlined in the following table. 

BYTE DAL<00> TYPE OF TRANSFER 

ENTIRE WORD 
ILLEGAL CONDITION 
LOWER BYTE 
UPPER BYTE 

BUSAKO is a bus request daisy c hain ou t put. If MK 5027 is not 
requesting the bus and it receives HLDA, BUS AKO wi ll be driven low. If 
MK5027 is requesting the bus when it receives HLDA, BUSAKO will 
remain high. 

Note : All transfers are entire word unless the MK5027 is configured for 
8 bit operation. 



LOW 


LOW 


LOW 


HIGH 


HIGH 


LOW 


HIGH 


HIGH 
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Table 1 : Pin Description (continued). 



Signal Name 


Pin(s) 


Type 


Description 


HOLD 
BUSRQ 


17 


IO/OD 


Pin 17 is configured through bit of CSR4. 
If CSR4<00> BCON = 0, 

I/O PIN 17 = HOLD 
HOLD request is asserted by MK5027 when it requires a DMA cycle, if 
HLDA is inactive, regardless of the previous state of the HOLD pin. 
HOLD is held low for the entire ensuing bus transaction. 
lfCSR4<00>BCON = 1, 

I/O PIN 17 = BUSRQ 
BUSRQ is asserted by MK5027 when it requires a DMA cycle if the prior 
state of the BUSRQ pin was high and HLDA is inactive. BUSRQ is held 
low for the entire ensuing bus transaction. 


ALE 
AS 


18 


0/3S 


The active level of ADDRESS STROBE is programmable through 
CSR4. The address portion of a bus transfer occurs while this signal is 
at its asserted level. This signal is driven by MK5027 while it is the BUS 
MASTER. At all other times, the signal is tristated. 
lfCSR4<01>ACON = 0, 

I/O PIN 18 = ALE 
ADDRESS LATCH ENABLE is used to demultiplex the DAL lines and 
define the address portion of the transfer. As ALE, the signal transitions 
from high to low during the address portion of the transfer and remains 
low during the data portion. 
lfCSR4<01>ACON = 1, 

l/OPIN18 = AS 
As AS, the signal pulses low during the address portion of the bus 
transfer. The low to high transition of AS can be used by a slave device 
to strobe the address into a register. 
AS is effectively the inversion of ALE. 


HLDA 


19 


I 


HOLD ACKNOWLEDGE is the response to HOLD. When HLDA is low 


in response to MK5027's assertion of HOLD, the MK5027 is the Bus 
Master. HLDA should be desasserted ONLY after HOLD has been 
released by the MK5027. 
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Table 1 : Pin Description (continued). 



Signal 


Pin(s) 


Type 


Description 


cs 


20 


I 


CHIP SELECT indicates, when low, that the MK5027 is the slave device 
for the data transfer. CS must be valid throughout the entire transaction. 


ADR 


21 


I 


ADDRESS selects the Register Address Port or the Register Data Port. It 
must be valid throughout the data portion of the transfer and is only 
used by the chip when CS is low. 

ADR PORT 

LOW REGISTER DATA PORT 

HIGH REGISTER ADDRESS PORT 


READY 


22 


IO/OD 


When the MK5027 is a Bus Master, READY is an asynchronous 
acknowledgement from the bus memory that memory will accept data in 
a WRITE cycle or that memory has put data on the DAL lines in a 
READ cycle. 


As a bus Slave, the MK5027 asserts READY when it has put data on 
the DAL lines during a READ cycle or is about to take data from the 
DAL lines during a WRITE cycle. READY is a response to DAS and it 
will be released after DAS or CS is negated. 


RESET 


23 


I 


RESET is the Bus signal that will cause MK5027 to cease operation, 
clear its internal logic and enter an idle state with the Power Off bit of 
CSRO set. 


TCLK 


25 


I 


TRANSMIT CLOCK. A 1x clock input for transmitter timing. TD changes 
on the falling edge of TCLK. The frequency of TCLK may not be 
greater than the frequency of SYSCLK. 


DTR 
RTS 


26 


IO 


DATA TERMINAL READY, REQUEST TO SEND. Modem control pin. 
Pin 26 is configurable through CSR5. This pin can be programmed to 
behave as output RTS or as programmable IO pin DTR. If configured as 
RTS, the MK5027 will assert this pin if it has data to send and 
throughout the transmission of a signal unit. 


RCLK 


27 


I 


RECEIVE CLOCK. A 1x clock input for receiver timing. RD is sampled on 
the rising edge of RCLK. The frequency of RCLK may not be greater 
than the frequency of SYSCLK. 


SYSCLK 


28 


I 


SYSTEM CLOCK. System clock used for internal timing of the MK5027. 
SYSCLK should be a square wave, of frequency up to 10 MHz. 


TD 


29 





TRANSMIT DATA. Transmit serial data output. 


DSR 
CTS 


30 


IO 


DATA SET READY, CLEAR TO SEND. Modem Control Pin. Pin 30 is 
configurable through CSR5. This pin can be programmed to behave as 
input CTS or as programmable IO pin DSR. If configured as CTS, the 
MK5027 will transmit all ones while CTS is high. 


RD 


31 


I 


RECEIVE DATA. Received serial data input. 


A<23:16> 


32-39 


0/3S 


Address bits <23:16> used in conjunction with DAL <15:00> to produce 
a 24 bit address. MK5027 drives these lines only as a Bus Master. 
A23-A20 may be driven continuously as described in the CSR4 <7> 
BAEN bit. 


VSS-GND 


1,24 




Ground Pins 
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48 




Power Supply Pin 
+ 5.0 VDC ± 5% 
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Figure 2 : Possible System Configuration for the MK5027. 
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Figure 3 : MK5027 Simplified Block Diagram. 
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OPERATIONAL DESCRIPTION 

The SGS-Thomson Signalling System #7 Signalling 
Link Controller (MK5027) device is a VLSI product 
intended for data communication applications re- 
quiring SS7 link level control. The MK5027 will per- 
form all frame formatting, such as : frame delimiting 
with flags, FCS generation and detection. It will also 
perform all error recovery and link control. The 
MK5027 also includes a buffer management mech- 
anism that allows the user to transmit and/or receive 
mutilple MSU's. Contained in the buffer manage- 
ment is an on-chip dual channel DMA : one channel 



for receive and one channel for transmit. The 
MK5027 handles error recovery and link status sig- 
nalling. 

The MK5027 is intended to be used with any popular 
1 6 or 8 bit microprocessor. Possible system configu- 
ration for the MK5027 is shown in Figure 2. The 
MK5027 will move multiple blocks of receive and 
transmit data directly into and out of memory 
through the host's bus. An I/O acceleration proces- 
sor could be used to off-load Higher Level software 
from the Host. The I/O acceleration processor in Fig- 
ure 2 is recommended, but not required. 
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All signal pins on the MK5027 are TTL compatible. 
This has the advantage of making the MK5027 in- 
dependent of the physical interface. As shown in 
Figure 2, line drivers and receivers are used for elec- 
trical connection to the physical layer. 

SERIAL INTERFACE 

The MK5027 provides two seperate serial channels; 
one for received data and one for transmitted data. 
These serial channels are completely seperate and 
may be run at different clock frequencies. The re- 
ceiver is responsible for recognizing frame boun- 
dries, removal of inserted zeroes (for transparency), 
and checking the incoming FCS. Signal units with in- 
correct FCS values are discarded. The receiver also 
parallelizes the incoming data which is placed into 
the receive data buffers within the receive descriptor 
ring. The transmitter is responsible for framing and 
serializing the data frames placed in the transmit de- 
scriptor ring. The transmitter calculates the FCS of 
the outgoing data and appends it to the data. The 
transmitter generates flag sequences for inter-sig- 
nal unit fill, at least two flags are transmitted between 
adjacent signal units. The FCS calculations for both 
directions of serial data optionally follow either the 
1 6-bit CRC-CCITT or the 32-bit CRC-32 algorithms. 
FCS generation and checking can also be optionally 
disabled if necessary. 

MICROPROCESSOR INTERFACE 

The MK5027 contains a dual channel DMA on chip 
to handle data transfers to and from the host mem- 
ory. All access to the initialization block and descrip- 
tor rings is handled in this way. The address bus is 
24 bits wide and does not use any segmentation or 
paging methods. Data transfers can optionally be 8 
and 16 bit operations, this allows easy interfacing 
with both 8 and 1 6 bit processors. DMA transfers 
can be up to 1 , 8 or an unlimited number of words 
per transfer under program control. During bus 
slave operation the MK5027 allows access to its 6 
control/status registers which are used to monitor 



and control the chip. These registers are used to 
control link procedures, configure interface options, 
control and monitor interrupt status, and more. Bus 
slave mode also allows both 8 and 16 bit accesses. 

BUFFER MANAGEMENT 

The basic organization of the buffer management is 
a circular queue of tasks in memory called descriptor 
rings. There are seperate rings to describe the trans- 
mit and receive operations. Up to 1 28 buffers may 
be queued-up on a descriptor ring awaiting execu- 
tion by the MK5027. The descriptor ring has a seg- 
ment assigned to each buffer. Each segment holds 
a pointer for the starting address of the buffer, and 
holds a value for the length of the buffer in bytes. 

Each segment also contains two control bits called 
OWNA and OWNB, which denote whether the 
MK5027, the HOST, or the I/O ACCELERATION 
PROCESSOR (if present) "owns" the buffer. For 
transmit, when the MK5027 owns the buffer, the 
MK5027 is allowed and commanded to transmit the 
buffer. When the MK5027 does not own the buffer, 
it will not transmit that buffer. For receive, when the 
MK5027 owns a buffer, it may place received data 
into that buffer. Conversely, when the MK5027 does 
not own a receive buffer, it will not place received 
data in that buffer. 

The MK5027 buffer management mechanism will 
handle signal units which are longer than the length 
of an individual buffer. This is done by a chaining 
method which utilizes multiple buffers.The MK5027 
tests the next segment in the descriptor ring in a 
"look ahead" manner. If the packet is too long for one 
buffer, the next buffer will be used after filling the first 
buffer ; that is, "chained". The MK5027 will then "look 
ahead" to the next buffer, and chain that buffer if 
necessary, and so on. The operational parameters 
for the buffer management are defined by the user 
in the initialization block. The parameters defined in- 
clude the basic mode of operation, the number of 
entries for the transmitter and receiver descriptor 
rings, etc. 
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Figure 4 


: MK5027 Buffer Management. 
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SIGNAL UNIT REPERTOIRE 

The signal unit repertoire of the MK5027 is shown 
in Table 1. This set conforms to the 1988 CCITT 
specification for level 2 of Signalling System #7. 

The definitions for the symbols for the frame types 
are : 



Name 


Definition 


F 


Flag Sequence 


FSN 


Forward Sequence Number 


BSN 


Backward Sequence Number 


FIB 


Forward Indicator Bit 


BIB 


Backward Indicator Bit 


LI 


Length Indicator 


X 


Programmed As Zeroes 


SIO 


Signalling Information Octet 


SIF 


Service Information Field 


SF 


Status Field 


FCS 


Frame Check Sequence 



Table 1 


: MK5027 Signal Unit Repertoire. 




















Message Signal Unit (MSU) 










F 


FCS 


SIF 


SIO 


X 


LI 


FIB 


FSN 


BIB 


BSN 


F 






8 16/32 8n,n>=2 8 2 


6 17 17 


8 




Link Status Signal Unit (LSSU) 










F 


FCS 


SF 


X 


LI 


FIB 


FSN 


BIB 


BSN 


F 




8 16/32 8/16 2 


6 17 17 


8 i 


Values for SF: 








- SIO, Out of alignment 

1 - SIN, Normal alignment 

2 - SIE, Emergency 


3 - SIOS, Out-of-service 

4 - SIPO, Processor outage 

5 - SIB, Congestion (Busy) 








Fill-in Signal Unit (FISU) 










F 


FCS 


X 


LI 


FIB 


FSN 


BIB 


BSN 


F 




8 16/32 2 


6 17 17 


8 i 




Right-most fields are transmitted first 
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MK5027 ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

Temperature under Bias - 25°C to + 100°C 

Storage Temperature - 65°C to + 150°C 

Voltage on Any Pin with Respect to Ground - 0.5V to VCC + 0.5V 

Power Dissipation 0.50W 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the above device. This is a 
stress rating only and functional operation of the device at these or any other condition above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect 

DC CHARACTERISTICS 

T A = 0°C to 70°C, V cc = + 5V ± 5 percent unless otherwise specified. 



Symbol 


Conditions 


Min. 


Typ. 


Max. 


Unit 


V,L 




-0.5 




+ 0.8 


V 


V,H 




+ 2.0 




V cc +0.5 


V 


Vol 


<5> | 0L = 3.2mA 






+ 0.5 


V 


Vqh 


@ | 0H = - 0.4mA 


+ 2.4 






V 


I.L 


@ V| N = 0.4 to V cc 






±10 


HA 


'cc 


@ T SCT = 1 00ns 




50 




mA 



CAPACITANCE 

F = 1MHz 



Symbol 


Parameter 


Min. 


Max. 


Unit 


CjN 


Capacitance on Input Pins 




10 


pf 


Cc-UT 


Capacitance on Output Pins 




10 


pf 


Cio 


Capacitance on I/O Pins 




20 


pf 



AC TIMING SPECIFICATIONS 

T A = 0°C to 70°C, V cc = + 5V ±5 percent, unless otherwise specified. 



N° 


Signal 


Symbol 


Parameter 


Test 
Conditions 


Min. 


Typ. 


Max. 


Unit 


1 


SYSCLK 


T SCT 


SYSCLK Period 




100 




2000 


ns 


2 


SYSCLK 


Tscl 


SYSCLK Low Time 




45 






ns 


3 


SYSCLK 


T SCH 


SYSCLK High Time 




45 






ns 


4 


SYSCLK 


T SCR 


Rise Time of SYSCLK 









8 


ns 


5 


SYSCLK 


T SCF 


Fall Time of SYSCLK 









8 


ns 


6 


TCLK 


t tct 


TCLK Period 




140 






ns 


7 


TCLK 


Ttcl 


TCLK Low Time 




63 






ns 


8 


TCLK 


Ttch 


TCLK High Time 




63 






ns 


9 


TCLK 


Ttcr 


Rise Time of TCLK 


CL = 50pF 







8 


ns 


10 


TCLK 


Ttcf 


Fall Time of TCLK 









8 


ns 


11 


TD 


Ttdp 


TD Data Propagation Delay after the 
Falling Edge of TCLK 


CL = 50pF 






40 


ns 


12 


TD 


Ttdh 


TD Data Hold Time after the Falling 
Edge of TCLK 




5 






ns 


13 


RCLK 


Trct 


RCLK Period 




140 






ns 
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AC TIMING SPECIFICATIONS (continued) 

T A = 0°C to 70°C, V cc = + 5V ±5 percent, unless otherwise specified. 



N° 


Signal 


Symbol 


Parameter 


Test 
Conditions 


Min. 


Typ. 


Max. 


Unit 


14 


RCLK 


Trch 


RCLK High Time 




63 






ns 


15 


RCLK 


Trcl 


RCLK Low Time 




63 






ns 


16 


RCLK 


Trcr 


Rise Time of RCLK 









8 


ns 


17 


RCLK 


Trcf 


Fall Time of RCLK 









8 


ns 


18 


RD 


Trdr 


RD Data Rise Time 









8 


ns 


19 


RD 


Trdf 


RD Data Fall Time 









8 


ns 


20 


RD 


Trdh 


RD Hold Time after Rising Edge of RCLK 




5 






ns 


21 


RD 


Trds 


RD Setup Time Prior to Rising Edge of 
RCLK 




30 






ns 


22 


A/DAL 


Tdoff 


Bus Master Driver Disable after Rising 









50 


ns 


Edge of HOLD 


23 


A/DAL 


Tdon 


Bus Master Driver Enable after Falling 


TSCT=100nS 







200 


ns 


Edge of HLDA 


24 


HLDA 


Thha 


Delay to Falling Edge of HLDA from 
Falling Edge of HOLD (bus master) 











ns 


25 


RESET 


Trw 


RESET Pulse Width 




30 






ns 


26 


A/DAL 


TCYCLE 


Read/write, address/data Cycle Time 


TSCT=100nS 


600 






ns 


27 


A 


Txas 


Address Setup Time to Falling Edge of 
ALE 




100 






ns 


28 


A 


T XAH 


Address Hold Time after the Rising Edge 
of DAS 




50 






ns 


29 


DAL 


Tas 


Address Setup Time to the Falling Edge 
of ALE 




75 






ns 


30 


DAL 


Tah 


Address Hold Time after the Falling Edge 
of ALE 




20 






ns 


31 


DAL 


Trdas 


Data Setup Time to the Falling Edge of 
DAS (bus master read) 




55 






ns 


32 


DAL 


Trdah 


Data Hold Time after the Rising Edge of 
DAS (bus master read) 











ns 


33 


DAL 


Tddas 


Data Setup Time to the Falling Edge of 
DAS (bus master write) 











ns 


34 


DAL 


T WDS 


Data Setup Time to the Rising Edge of 
DAS (bus master write) 




250 






ns 


35 


DAL 


TWDH 


Data Hold Time to the Rising Edge of 
DAS (bus master write) 




35 






ns 


36 


DAL 


TsRDH 


Data Hold Time after the Rising Edge of 
DAS (bus slave read) 


TSCT=100nS 







35 


ns 


37 


DAL 


TsWDH 


Data Hold Time after the Rising Edge of 
DAS (bus slave write) 











ns 


38 


DAL 


Tswds 


Data Setup Time to the Falling Edge of 
DAS (bus slave write) 











ns 


39 


ALE 


Talew 


ALE width High 




110 






ns 


40 


ALE 


T DALE 


Delay from Rising Edge of DAS to the 
Rising Edge of ALE 




70 






ns 


41 


DAS 


Tdsw 


DAS width Low 




200 






ns 
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AC TIMING SPECIFICATIONS (continued) 

T A = 0°C to 70°C, V cc = + 5V ±5 percent, unless otherwise specified. 



N° 


Signal 


Symbol 


Parameter 


Test 
Conditions 


Min. 


Typ. 


Max. 


Unit 


42 


DAS 


Tadas 


Delay from the Falling Edge of Ale to the 
Falling Edge of DAS 




80 






ns 


43 


DAS 


Tr|DF 


Delay from the Rising Edge of DALO to 
the Falling Edge of DAS (bus master 
read) 




35 






ns 


44 


DAS 


Trdys 


Delay from the Falling Edge of READY to 
the Falling Edge of DAS 


T ARYD =300ns 
T SCT = 100ns 


120 




200 


ns 


45 


DALI 


Troif 


Delay from the Rising Edge of DALO to 
the Falling Edge of DALI (bus master 
read) 




70 






ns 


46 


DALf 


t ris 


PALI Setup Time to the Rising Edge of 
DAS (bus master read) 




150 






ns 


47 


DALJ 


TrIH 


PALI Hold Time after the Rising Edge of 
DAS (bus master read) 











ns 


48 


DALI 


Triof 


Delay from the Rising Edge of DALI to 
the Falling Edge of DALO (bus master 
read) 




70 






ns 


49 


DALO 


T os 


DALO Setup Time to the Falling Edge of 
ALE (bus master read) 




110 






ns 


50 


DALO 


t roh 


DALO Hold Time after the Falling Edge 
of ALE (bus master read) 




35 






ns 


51 


DALO 


Twdsi 


Delay from the Rising Edge of DAS to 
the Rising Edge of DALO (bus master 
write) 




50 






ns 


52 


CS 


T CSH 


CS Hold Time after the Rising Edge of 
DAS (bus slave) 











ns 


53 


CS 


T css 


CS Setup Time to the Falling Edge of 
DAS (bus slave) 











ns 


54 


ADR 


TsAH 


ADR Hold Time after the Rising Edge of 
DAS (bus slave) 











ns 


55 


ADR 


T SAS 


ADR Setup Time to the Falling Edge of 
DAS (bus slave) 











ns 


56 


READY 


Taryd 


Delay from the Falling Edge of ALE to 
the -Falling Edge of READY to Insure a 
Minimum Bus Cycle Time (600nS) 


T SCT =100nS 






150 


ns 


57 


READY 


TsRDS 


Data Setup Time to the Falling Edge of 
READY (bus slave read) 




75 






ns 


58 


READY 


Trdyh 


READY Hold Time after the Rising Edge 
of DAS (bus master) 











ns 


59 


READY 


TsRYH 


READY Hold Time after the Rising Edge 
of DAS (bus slave) 


T SCT =100nS 







35 


ns 


60 


READY 


Trsh 


READ Hold Time after the Rising Edge of 
DAS (bus slave) 











ns 


61 


READ 


Tsrs 


READ Setup Time to the Falling Edge of 
DAS (bus slave) 











ns 


62 


READY 


Trdyd 


Delay from Falling Edge of DAS to 
Falling Edge of READY (bus slave) 


T SCT =100ns 




200 




ns 
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Figure 5A : TTL Output Load Diagram. 



Figure 5AB : Open Drain Output Load Diagram. 
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Figure 6 : MK5027 Serial Link Timing Diagram. 
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Figure 7 : MK5027 Bus Master Timing Diagram (read). 
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Figure 8 : MK5027 Bus Master Timing Diagram (write). 
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Figure 9 : MK5027 Bus Slave Timing Diagram (read). 
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Figure 10 : MK5027 Bus Slave Timing Diagram (write). 
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PACKAGE DESCRIPTION 

5027P 

SIDE BRAZED CERAMIC 




Notes : 1 . Package standoff to be measured per JEDEC requirements. 

2. The maximum limit shall be increased by.003 in. when solder lead finish is specified. 

3. Measured from top of ceramic to nearest metallization. 
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PACKAGE DESCRIPTION 

MK5027Q 

52 PIN PLCC 



-nr-innr-ir-ir-innnnr-in 



c 
c 
c 
c 
c 
c 

L 



4€[ 



_UUUUUULJUUUUUU 

47 52 1 



t\. 



> 

3 
3 

] 
] 
] 
] 

1 
1 
1 
1 
1 




«vs 



Dim. 


Inches 


Notes 


Min. 


Max. 


A 


.165 


.185 


2 


Ai 


.090 


.120 


2 


B 


.026 


.032 


2 


Bi 


.013 


.021 


2 


D 


.785 


.795 




Di 


.750 


.756 




D 2 


.690 


.730 




E 


.785 


.795 




Ei 


.750 


.756 




E 2 


.690 


.730 




h 


.042 


.060 




J 


.042 


.060 




k 


.042 


.056 





PINOUT : 


* = ACTIVE LOW 




1 Vss 


21 HLDA* 


41 ADDRESS 18 


2 DAL07 


22 CS* 


42 ADDRESS 17 


3 DAL06 


23 ADR 


43 ADDRESS 16 


4 DAL05 


24 READY* 


44 DAL15 


5 DAL04 


25 RESET* 


45 DAL14 


6 DAL03 


26 VSS (GROUND) 


46 DAL13 


7 DO NOT CONNECT 


27 DO NOT CONNECT 


47 DAL12 


8 DAL02 


28 TCLK* 


48 DAL11 


9 DAL01 


29 DTR.RTS* 


49 DAL10 


10 DAL00 


30 RCLK* 


50 DAL09 


11 READ 


31 SYSCLK 


51 DAL08 


12 INTR* 


32 TD 


52 VCC 


13 DALI* 


33 DSR.CTS* 




14 DALO* 


34 RD 




15 DAS* 


35 ADDRESS 23 




16 BM0*BYTE/BUSREL* 


36 DO NOT CONNECT 




17 DO NOT CONNECT 


37 ADDRESS 22 




18 BM17BUSAKO 


38 ADDRESS 21 




19 HOLD7BURSQ* 


39 ADDRESS 20 




20 ALE/AS* 


40 ADDRESS 19 
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T1 TRANSCEIVER 



. SINGLE CHIP DS1 RATE TRANSCEIVER 

■ PIN AND SOFTWARE COMPATIBLE WITH 
DS2180A 

. SYNCHRONIZES TO FRAMING STANDARDS 
*► 193S-12FRAMES/SUPERFRAME 
*► 193E - 24 FRAMES/SUPERFRAME 

. ALLOWS COMBINATION OF "CLEAR" AND 
"ROBBED BIT" DSO CHANNELS ON THE 
SAME DS1 LINK 

. SELECTABLE PROCESSOR MODE WITH 
SERIAL PORT INTERFACE FOR CHIP CON- 
FIGURATION AND STATUS MONITORING 

. "HARDWIRED" OPTION FOR STAND ALONE 
APPLICATIONS 

. ALARM GENERATION AND DETECTION 

■ RECEIVED BIT, FRAME, AND MULTIFRAME 
ERROR DETECTION AND COUNTING FOR 
MONITORING TRANSMISSION QUALITY 

. 5V SUPPLY, LOW POWER CMOS TECHNOL- 
OGY 
. SURFACE MOUNT PACKAGE AVAILABLE 
. INDUSTRIAL TEMPERATURE RANGE AVAIL- 
ABLE 

DESCRIPTION 

The MK2180A is a monolithic CMOS device de- 
signed as a primary rate (1 .544Mbs) T-carrier trans- 
mitter and receiver. It is characterized by three main 
functional blocks ; the transmitter, the receiver, and 
the serial port interface. 

The transmitter accepts a serial bit stream gener- 
ated by 24 codec channels (each channel at 
64kbps), then inserts alarm, signaling, and syn- 
chronization information. This combined data 
(1.544Mbps) is processed to provide bipolar en- 
coded pulses to the T1 line interface IC. 

The receiver decodes the bipolar 1 .544 Mbps bit 
stream to establish frame and multiframe boun- 
daries and extracting alarm, signaling, and syn- 
chronization information for the microprocessor and 
codec to use in data conditioning and decoding. 

The serial port interface eliminates the external glue 
logic that would otherwise be required to monitor 
status or set operational mode of the MK21 80A. This 
is easily accomplished by communicating with the de- 
vice's internal registers using a processor such as the 



8051. The serial port pins may be reconfigured as 
"hardwired" select pins for use without a processor. 

The receive synchronizer establishes frame and 
multi-frame boundaries by identifying frame signaling 
bits, extracts signaling data, reports alarms and trans- 
mission errors, and provides output clocks useful for 
data conditioning and decoding. 
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PIN CONNECTIONS 



TMSYNC C 

TFSYNC C 

TCLKC 

TCHCLK C 

TSERC 

TMOC 

TSIGSEL C 

TSIGFRC 

TABCDC 

tlinkC 
tlclkC 

TPQSC 

tnegC 
intC 

SDIE 
SDOC 

ciC 

sclkC 

spsC 

gndE 



-^Z7~ 



M 
K 
2 

1 

8 


A 



40 
39 
38 
37 
36 
35 
34 
33 P 



32 

31 

30 

29 P 

28 P 

27 

26 

25 

24 

23 

22 

21 



Dvcc 

DRLDS 

Drfer 

Drbv 

Drcl 

Urneq 

Drpds 

RST 
ID TEST 

Drsigsel 
Drsigfr 

RABCD 
RMSYNC 

Drfsync 
Drser 

3 RCHCLK 
DRCLK 

Drlclk 
Drunk 
Dryel 
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Fjgure 1 : MK2180A Block Diagram. 



TMSYNC 

TFSYNC 

TCLK 



TLCLK - 



TLINK 

TSER 

TABCD 



INT 

cs~ 

SCLK 

SDI 

SDO 

SPS 



RYEL^ 



RSER 

RABCD 

RLINK 

RLCLK 

RSIGFR 
RSIGSEL 
RCHCLK 
RMSYNC 
RFSYNC 



Transmit 
Timing 



Serial 

Port 

Interface 



Yellow 
Alarm 
Detect 



Data 
Demux 



Receive 
Timing 



F-Bit 
Data 



Yellow 
Alarm 



Data 
Selector 



/ 



Bipolar 
Decoder 



CRC 



Information 
Register 



Receive 

Sync 

Controller 



Code 
Gen 



Bipolar 
Decoder 



Synchronizer 



-> TSIGSEL 

- TMO 

- TCHCLK 
-> TSIGFR 



CRC 



TPOS 
TNEG 



VCC 

GND 

RST 

TEST 

RLOS 

RBV 

RCL 



RPOS 
RNEG 



-RCLK 



RFER 
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Table 1 : Transmit Pin Description. 



Pin 


Symbol 


Type 


Description 


1 


TMSYNC 


I 


Transmit Multiframe Sync. Rising edge indicates multiframe boundary ; may be 
pulsed high at multiframe boundaries to reinforce multiframe alignment, or tied low, 
which allows internal multiframe counter to free run. 


2 


TFSYNC 


I 


Transmit Frame Sync. Rising edge indicates frame boundary ; may be pulsed 
every frame to reinforce internal frame counter, or tied low (allowing TMSYNC to 
establish frame and multiframe alignment). 


3 


TCLK 


I 


Transmit Clock. 1 .544MHz primary clock. 


4 


TCHCLK 


O 


Transmit Channel Clock. Rising edge of this 192kHz clock indicates channel 
boundaries. Useful for serial conversion and multiplexing of channel data. 


5 


TSER 


I 


Transmit Serial Data. NRZ data input ; sampled on falling edge of TCLK. 


6 


TMO 





Transmit Multiframe Out. Output of internal multiframe counter, indicates multiframe 
boundaries. 50% duty cycle. 


7 


TSIGSEL 


o 


Transmit Signaling Select. 0.667kHz clock which indicates signaling frames A 
and C in 193E framing. 1.33kHz clock in 193S. Useful for multiplexing signaling bits. 


8 


TSIGFR 





Transmit Signaling Frame. High during signaling frames, low otherwise. 


9 


TABCD 


I 


Transmit ABCD Signaling. Sampled at LSB time of each channel during 
signaling frames on falling edge of TCLK, enabled via TCR.4. 


10 


TLINK 


I 


Transmit Link Data. Sampled on falling edge of TCLK at specified F-bit times for 

insertion into the outgoing data stream. 

193S mode : Sampled on even frames for external insertion of FS bits. 

193E mode : Sampled on odd frames for external insertion of FDL bits. 


11 


TLCLK 





Transmit Link Clock. 4kHz demand clock for TLINK input. 


12 
13 


TPOS 
TNEG 





Transmit Bipolar Data Outputs. CMOS-level outputs for connection to T1 LIU 
(Line Interface Unit). Updated on rising edge of TCLK. 



Table 2 : Port Pin Description. 



Pin 


Symbol 


Type 


Description 


14 


INT 1 





Receive Alarm Interrupt. Signals host processor during alarm conditions, B8ZS 
detect, or receive bit errors. Active low, open drain output. 


15 


SDI 1 


I 


Serial Data In. Data input to on-board registers. Sampled on rising edge of SCLK 


16 


SDO 1 





Serial Data Out. Data output from on-board registers. Updated on falling edge of 
SCLK, tristated during serial port write or when CS is high. May be tied to SDI. 


17 


CS 1 


I 


Chip Select. Falling edge indicates start of serial port exchange. Must be held low 
throughout address/data transaction. 


18 


SCLK 1 


I 


Serial Data Clock. Used to write or read the serial port registers. 


19 


SPS 


I 


Serial Port Select. Tie to VDD to select host processor serial port. Tie to VSS to 
select hardware mode. 



Note : 1 . Multifunction pins, see hardware mode description. 

Table 3 : Power and Test Pin Description. 



Pin 


Symbol 


Type 


Description 


20 


GND 




Ground. 0.0V. 


32 


TEST 


I 


Test Mode. Tie to VSS for normal operation. 


40 


VDD 




Positive Supply. 5.0V. 
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Table 4 : Receive Pin Description. 



Pin 


Symbol 


Type 


Description 


21 


RYEL 





Receive Yellow Alarm. Transitions high when yellow alarm detected, returns low 
when alarm condition no longer received. 


22 


RLINK 





Receive Data Link. Updated with extracted link data one RCLK before start of 
specified frames (channel 24, bit position 8). Held until next update. 
1 93S mode : Updated before even frames with extracted FS bits. 
1 93E mode : Updated before odd frames with extrated FDL bits. 


23 


RLCLK 


o 


Receive Link Clock. 4kHz demand clock for RLINK. 


24 


RCLK 


I 


Receive Clock. 1 .544MHz primary clock. 


25 


RCHCLK 





Receive Channel Clock. Rising edge of this 192kHz clock indicates channel 
boundaries. Useful for parallel conversion and demultiplexing of serial channel data. 


26 


RSER 





Receive Serial Data. Received NRZ serial data, updated on rising edges of 
RCLK. 


27 


RFSYNC 





Receive Frame Sync. Extracted 8kHz pulse indicates F-bit position of each frame, 
one RCLK wide. 


28 


RMSYNC 





Receive Multiframe Sync. Extracted multiframe sync ; rising edge indicates 
beginning of each multiframe, 50% duty cycle. 


29 


RABCD 





Receive ABCD Signaling. Extracted signaling data output, valid for each channel 
time in signaling frames. In non-signaling frames, RABCD outputs the LSB of each 
channel word. 


30 


RSIGFR 





Receive Signaling Frame. High during signaling frames, low during resync and 
non-signaling frames. 


31 


RSIGSEL 





Receive Signaling Select. In 193E framing a 0.667kHz clock which indicates 
signaling frames A and C. A 1.33kHz clock in 193S. 


33 


RST 


I 


Reset. A high-low transition clears all internal registers and resets receive side 
counters. A high-low transition will initiate a receive resync. 


34 
35 


RPOS 
RNEG 


I 


Receive Bipolar Data Inputs. Sampled on falling edge of RCLK. Tie together to 
receive NRZ data and disable bipolar violation monitoring circuitry. 


36 


RCL 





Receive Carrier Loss. High if 32 consecutive "0's" are received at RPOS and 
RNEG, goes low after next "1". 


37 


RBV 





Receive Bipolar Violation. High during accused bit time at RSER if bipolar 
violation detected, low otherwise. 


38 


RFER 





Receive Frame Error. High during F-bit time when F T or F s errors occur (193S), or 
when FPS or CRC errors occur (193E). Low during resync. 


39 


RLOS 





Receive Loss of Resync. Indicates sync status ; high when internal resync in 
progress, low otherwise. 
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Table 5 : Register Summary. 


Register 


Address 


T/R 1 


Description/Function 


RSR 


0000 


R 2 


Receive Status Register. Reports all receive alarm conditions. 


RIMR 


0001 


R 


Receive Interrupt Mask Register. Allows masking of individual alarm and receive 
error generated interrupts. 


BVCR 


0010 


R 


Bipolar Violation Count Register. 8 bit presettable counter which records 
individual bipolar violations. Received B8ZS is counted as violation if disabled. 


ECR 


0011 


R 


Error Count Register. 2 independent 4-bit counters. Upper nibble counts OOF 
events, lower nibble counts individual F-bit (193S) or CRC (193E) errors. 


CCR 3 


0100 


T/R 


Common Control Register. Controls operating modes common to both receive 
and transmit sides. 


RCR 


0101 


R 


Receice Control Register. Controls operating modes unique to receive side. 


TCR 


0110 


T 


Transmit Control Register. Controls operating modes unique to transmit side. 


TIR1 
TIR2 
TIR3 


0111 
1000 
1001 


T 
T 
T 


Transmit Idle Registers. Specify which outgoing channels are to be replaced with 
an idle code (7F or FF hex, controlled by TCR.3). 


TTR1 
TTR2 
TTR3 


1010 
1011 
1100 


T 
T 

T 


Transmit Transparent Registers. Specify which outgoing channels are to be 
transparent. (No robbed bit signaling or bit 7 zero suppression.) 


RMR1 
RMR2 
RMR3 


1101 
1110 

1111 


R 
R 
R 


Receive Mark Registers. Specify which incoming channels are to be replaced with 
an idle or digital milliwatt code (7F hex or digital milliwatt, controlled by RCR.4). 



Notes: 1. Transmit or receive side register. 

2. RST is a read only register, all other registers are read/write. 

3. Reserved bit location in this register should be programmed to for proper operation. 



CONTROL 

The MK21 80A can be controlled in one of two ways : 
with a processor via the serial port or by reconfiguring 
the serial port pins as hardwired select pins. Either 
method permits control of frame, zero suppression, 
alarm and signaling formats. Processor mode per- 
mits complete device configuration and status moni- 
toring. Features such as selective transparent 
channels, idle code insertion, and alteration of sync 
algorithm are unavailable in hardware mode. 

Figure 2 : ACB : Address Command Byte. 



SERIAL PORT INTERFACE 

Pins 14 through 18 of the MK2180A serve as a 
microprocessor/microcontroller compatible serial 
port. Sixteen on-board registers allow the host pro- 
cessor to configure the device and monitor receive 
status, minimizing hardware interfaces. Port 
read/write timing is unrelated to transmit and receive 
timing, thus permitting asynchronous reads and/or 
writes by the host. 



(MSB) 














(LSB) 


BM 








ADD3 


ADD2 


ADD1 


ADD0 


R/W 



>ymbol 


Position 


BM 


ACB.7 





ACB.6 





ACB.5 


ADDS 


ACB.4 


ADD0 


ACB.1 


R/W 


ACB.O 



Name and Description 

Burst Mode; if set (and ACB.1 through ZCA.4 = 0) burst 

read or write is enabled 

Reserved, must be for proper operation. 

Reserved, must be for proper operation. 

MSB of register address. 

LSB of register address. 

Read/Write Select 

= write addresses register ; 1 = read addessed register. 
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Figure 3 : Serial Port Read/Write. 



"L 



SCLK 



^~mmm_rmrLn^u~^x_m~^ui_ 



SDI, SDO 1 ' 2 ' 3 -^^^ 

\ AnnRF.q.q/r.nMMAMn A nATA impi it/oi itpi it / 



-ADDRESS/COMMAND 



- DATA INPUT/OUTPUT 



Notes : 1 . Transmit or receive side register. 

2. RST is a read only register, all other registers are read/write. 

3. Reserved bit location in this register should be programmed to for proper operation. 



ADDRESS/COMMAND 

Communication with the control/status registers re- 
quires writing one address/command byte prior to 
the transfer of register data. The first bit of the ad- 
dress/command byte indicates register read or 
write. The following four bits specify the register ad- 
dress. The next two bits are reserved and must be 
set to zero when communicating with the MK21 80A. 
(The device ignores all serial port activity until chip 

Figure 2 : ACB : Address Command Byte. 



select transitions high and then low again if either of 
these two bits are set. This feature will allow other 
devices to be directly wired to the serial bus while re- 
siding in a different register address space, thus 
eliminating external chip decoding.) The last bit of 
the address/command byte enables burst mode 
when set ; burst mode causes all registers to be con- 
secutively written or read. Data is writen to and read 
fromthe transceiver LSB first. 



(MSB) 














(LSB) 





COFA 


EFYEL 


FM 


YELMD 


B8ZS 


B7 


LPBK 



Symbol 


Position 



COFA 


ACB.7 
ACB.6 



EFYE 



FM 



YELMD 



ACB.5 

ACB.4 
ACB.3 



Name and Description 

Reserved, must be for proper operation. 
Replace B8ZSD with COFA (RSR.2). 

= Detected B8ZS code words reported at RSR.2. 

1 = COFA (Change-of-Frame Alignment) reported at 
RSR.2 when last resync resulted in change of frame or 
multiframe alignment. 

Extended Framing Yellow Alarm Mode Select. Deter- 
mines yellow alarm type to be transmitted and detected 
while in 193E framing. 

= Yellow alarm is a repeating pattern of 00 and FF hex 
on the 4kHz data link. 

1 = Yellow alarm is a "0" in bit 2 position of all channels. 
Frame Mode Select. 

= D4 (193S, 12 frames/superframe). 

1 = Extended (193E, 24 frames/superframe). 

193S Yellow Mode Select. Determines yellow alarm to be 
transmitted and detected while in 1 93S framing. 

= Yellow alarm is a "0" in bit 2 of all channels. 

1 = Yellow alarm is a "1" in the S-bit position of frame 1 . 
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B8ZS 



B7 



LPBK 



CCR.2 Bipolar Eight Zero Substitution. 

= No B8ZS ; 1 = B8Zs enabled. 
Note : B8Zs and B7 should not be enabled at the same 
time. 
CCR.1 Bit Seven Zero Suppression. 

= No bit 7 zero suppression 

1 = Channels with all zero content will be transmitted with 
bit "/forced to "1". 

CCR.O Loopback. 

= Isolated operation of transmit and receive sides. 

1 = Device internally loops output transmit data into the in- 
coming receive data buffers. TCLK is internally substituted 
for RCLK. 



CHIP SELECT AND CLOCK CONTROL 

All data transfers are initiated by driving the CS input 
low. Only one serial port exchange is acknowledged 
after CS goes low. Input data is latched on the rising 
edge of SCLK and must be valid during the previous 
low period of SCLK to prevent momentary corrup- 
tion of register data during writes. Data is output on 
the falling edge of SCLK and held to the next falling 
edge. All data transfers are terminated if the CS 
input transitions high. Port control logic is disabled 
and SDO is tristated when CS is high. 

Figure 5 : TCR : Transmit Control Register. 



DATA I/O 

Following the 8 SCLK cycles that input an ad- 
dress/command byte to write, a data byte is strobed 
into the addressed register on the rising edges of the 
next 8 SCLK cycles. Following an address/com- 
mand byte to read, contents of the selected register 
are output on the falling edges of the next 8 SCLK 
cycles. The SDO pin is tristated during device write, 
and may be tied to SDI in applications where the 
host processor has a bidirectional I/O pin. 



(MSB) 














(LSB) 


ODF 


TCP 


tcp 


! RBSE 

I 


TIS 


193SI 


TBL 


TYEL 



Symbol 


Position 


ODF 


TCR.7 


FPT 


TCR.6 


TCP 


TCR.5 



RBSE 



TIS 



193SI 



TCR.4 



TCR.3 



TCR.2 



Name and Description 

Output Data Format. 

= Bipolar data at TPOS & TNEG. 

1 = NRZ data at TPOS ; TNEG = 0. 
FT/FPS Pass Through. 

= FT/FPS sou reed internally. 

1 = FT/FPS sampled at TSER during F-bit time. 
Transmit CRC Pass-through. 

= Transmit CRC code internally generated. 

1 = TSER sampled at CRC F-bit time for external CRC in- 
sertion. 

Robbed Bit Signaling Enable. 

= No signaling is inserted. 

1 = Signaling is inserted. Use TTR registers to select indi- 
vidual clear channels. 

Transmit Idle Code Select. Determines idle code format 
to be inserted into channels marked by the TIR registers. 

= Insert 7F (Hex) into marked channels. 

1 = Insert FF (Hex) into marked channels. 

193S S-bit Insertion. Determines source of transmitted S- 
bit. 

= internal S-bit generator. 

1 - Externa! (sampled at TLINK input). No effect in 193E 
mode. 
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TCR.1 Transmit Blue Alarm. 

= Disabled. 

1 = Enabled. 

TCR.O Transmit Yellow Alarm. 

= Disabled. 

1 = Enabled. 



BURST MODE 

Burst mode allows all on-board registers to be con- 
secutively read or written by the host processor. A 
burst read is used to poll all registers ; RSR contents 
will be unaffected. This feature minimizes device in- 
itialization time on power-up or system reset. Burst 
mode is initiated when ACB.7 is set and the address 
nibble is 0000. Burst is terminated by a low-high 
transition on CS or end of registers. 



LOOPBACK 

Enabling loopback will typically induce an out-of- 
frame "OOF" condition. If appropriate bits are set in 
the receive control register, the receiver will resync 
to the looped transmit frame alignment. During the 
looped condition, the transmit outputs (TPOS, 
TNEG) will transmit unframed all "1 's". All operating 
modes (B8ZS, alarm, signaling, etc.) except for blue 
alarm transmission are available in loopback. 



Figure 6 : TTR1. - TTR3 : Transmit Transparency Registers. 
(MSB) 



CH8 


CH7 


CH6 


CH5 


CH4 


CH3 


CH2 


CH1 


CH16 


CH15 


CH14 


CH13 


CH12 


CH11 


CH10 


CH9 


CH24 


CH23 


CH22 


CH21 


CH20 


CH19 


CH18 


CH17 



Symbol 
CH24 

CH1 



(LSB) 

TTR1 
TTR2 
TTR3 



Position Name and Description 

TTR3.7 Transmit Transparency Registers. Each of these bit po- 

sitions represents a DSO channel in the outgoing frame. 
When set, the corresponding channel is transparent. 

TTR1 .0 When cleared, robbed-bits and bit 7 stuffing may be in- 

serted. 



Figure 7 : TTR1 - TTR3 : Transmit Idle Registers. 
(MSB) 



CH8 


CH7 


CH6 


CH5 


CH4 


CH3 


CH2 


CH1 


CH16 


CH15 


CH14 


CH13 


CH12 


CH11 


CH10 


CH9 


CH24 


CH23 


CH22 


CH21 


CH20 


CH19 


CH18 


CH17 



Symbol 
CH24 

CH1 



Position 

TTR3.7 

TTR1.0 



(LSB) 

TIR1 
TIR2 
TIR3 



Name and Description 

Transmit Idle Registers. Each of these bit positions rep- 
resents a DSO channel in the outgoing frame. When set, 
the corresponding channel will output an idle code speci- 
fied by TCR.3. When cleared, no idle code will be inserted. 



BIT SEVEN STUFFING 

Existing systems meet one's density requirements 
by forcing bit 7 of all zero channels to 1 . Bit 7 stuffing 



is "globally" enabled by asserting bit CCR.1, and 
may be disabled on an individual channels basis by 
setting appropriate bits in TTR1-TTR3. 
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B8ZS 

The MK21 80A supports existing and emerging zero 
suppression formats. Selection of B8ZS coding 
maintains system one's density requirements with- 
out disturbing data integrity as required in clear 
channel applications. B8ZS coding replaces any 8 
consecutive outgoing zeros with a B8ZS code word. 
Any B8ZS code word received is replaced with all 
zeros. 

TRANSMIT BLUE ALARM 

The blue alarm (also known as the AIS, Alarm Indica- 
tion Signal) is an unframed, all 1 's sequence enabled 
by asserting TCR.1 . Blue alarm overrides all other 
transmit data patterns and is disabled by clearing 
TCR.1. Use of the TIR registers allows a framed, all 
1 's alarm transmission if required by the network. 

Figure 8 : Transmit Insertion Hierarchy. 



TRANSMIT YELLOW ALARM 

In 1 93E framing, yellow alarm type is determined by 
the state of CCR.5. In 193S framing, yellow alarm 
type is determined by the state of CCR.3. In both 
modes, transmission of yellow alarm is enabled by 
asserting TCR.O and disabled by clearing TCR.O. 

TRANSMIT SIGNALING 

When enabled (via TCR.4) channel signaling is in- 
serted in frames 6 and 12, (193S) or 6, 12 and 18 
and 24 (1 93 E) in the 8th bit position of every channel 
word. Signaling data is sampled at TABCD on the 
falling edge of TCLK during 8 of each input word dur- 
ing signaling frames. Logical combination of clocks 
TMO, TSIGFR and TSIGSEL allow external multi- 
plexing of seperate serial links for A, B, or A, B, C, 
D signaling sources. 
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TRANSMIT CHANNEL TRANSPARENCY 

Individual DSO channels in the T1 frame may be 
programmed clear (no inserted robbed bit signaling 
and no bit 7 zero suppression) by setting the appro- 
priate bits in the transmit transparency registers. 
Channel tranparency is required in mixed voice/data 
or data-only environments such as ISDN, where 
data integrity must be maintained. 



priate bits in the transmit idle registers. One of two 
idle code formats, 7F (Hex) and FF (Hex) may be se- 
lected by the userviaTCR.3. If enabled, robbed bit 
signaling data is inserted into the idle channel, un- 
less the appropriate TTR bit is set for that channel. 
This feature eliminates external hardware currently 
required to intercept and stuff unoccupied channels 
in the DS1 bit stream. 



TRANSMIT IDLE CODE INSERTION 

Individual outgoing channels in the frame can be 
programmed with idle code by asserting the appro- 
Figure 9 : 193S Transmit Multiframe Timing. 



FRAME# | 12 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | 10 | 11 | 12 | 1 | 2 | 3 | 4 | 5 | 6 



A. 



_r 



r 



rr 



n 



M //////////X^//////////X ^X //////////) M(7 



+ 



+ 



+ 



+ 



+ 



+ 



^ 



1 . Transmit frame and multiframe timing may be established in one of four ways : 

a) With TFSYNC tied low, TMSYNC may be pulsed high once every multiframe period to establish multiframe boundaries, allowing 
internal counters to determine frame timing. 

b) TFSYNC may be pulsed every 125 microseconds ; pulsing TMSYNC once establishes multiframe boundaries. 

c) TMSYNC and TFSYNC may be continuously pulsed to establish and reinforce frame and multiframe timing. 

d) If TMSYNC is tied low and TFSYNC is pulsed at frame boundaries, the transmitter will establish an arbitrarymultiframe boundary 
as indicated by TMO. 

2. Channels in which robbed bit signaling is enabled will sample TABCD during the LSB bit (bit position 8) timing in frames indicated. 

3. When external S-bit insertion is enabled, TLINK will be sampled during the F-bit time of even frames and inserted into the outgoing 
data stream. 
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Figure 10 : 193E Transmit Multiframe Timing. 
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Transmit frame and multiframe timing may be established in one of four ways : 

a) With TFSYNC tied low, TMSYNC maybe pulsed high once every multiframe period to establish multiframe boundaries, allowing 
internal counters to determine frame timing. 

b) TFSYNC may be pulsed every 125 microseconds ; pulsing TMSYNC once establishes superframe boundaries. 

c) TMSYNC and TFSYNC may be continuously pulsed to establish and reinforce frame and multiframe timing. 

d) If TMSYNC is tied low and TFSYNC is pulsed at frame boundaries, the transmitter will establish an arbitrarymultiframe boundary 
as indicated by TMO. 

Channels in which robbed bit signaling is enabled will sample TABCD during the LSB bit (bit position 8) timing in frames indicated. 
TLINK is sampled during the F-bit time of odd frames and inserted into the outgoing data stream (FDL data). 



Figure 11 : Transmit Multiframe Boundary Timing. 
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Notes : 1. TLINK timing shown is for 193E framing ;in 193E framing, TLINK is sampled as indicated for insertion into F-bit position of odd frames. 
When S-bit insertion is enabled in 193S, TLINK is sampled during even frames. 
2. If TCR.5 = 1 ; TSER is sampled during the F-bit time of CRC frames for insertion into outgoing data stream (1 93E framing only). 
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Figure 12 : Receive Control Register. 
(MSB) 










(LSB) 


ARC 


OOFCD 


RCI 


RCS 


SYNCC 


SYNCT 


SYNCE 


RESYNC 



Symbol 


Position 


ARC 


DCR.7 


OOFCD 


DCR.6 


RCI 


DCR.5 


RCS 


DCR.4 


SYNCC 


DCR.3 



SYNCT 



SYNCE 



RESYNC 



DCR.2 



DCR.1 



DCR.O 



Name and Description 

Auto Resync Criteria. 

= Resync on OOF or RCL events. 

1 = Resync on OOF only. 
Out-of-Frame (OOF) Condition Detected. 

= OOF declared when 2 of 4 framing bits are in error. 

1 = OOF declared when 2 of 5 framing bits are in error. 
Receive Code Insert. 

= No receive code inserted. 

1 = Receive code inserted into channels marked by RMR 
registers. Code type selected by RCR.4. 

Receive Code Select. 

= Idle code (7F Hex). 

1 = Digital milliwatt. 

Sync Criteria. Determines the type of algorithm utilized by 
the receive synchronizer and differs for each frame mode. 
193S Framing (CCR.4 = 0). 

= Synchronize to frame boundaries using FT patterns, 
then search for multiframe by using FS. 

1 = Cross couple FT and FS patterns in sync algorithm. 
193E Framing (CCR.4 = 1). 

= Normal sync (utilizes FPS only). 

1 = Validate new alignment with CRC before declaring 
sync. 

Sync Time. 

= 10 consecutive F-bits are qualified before sync is de- 
clared. 

1 = 24 consecutive F-bits are qualified before sync is de- 
clared.. 

Sync Enable. 

= Automatically resync is performed when ARC (RCR.7) 
conditions are met. 

1 = No auto resync is performed (RCR.O must be used to 
initiate resync). 

Resync. When toggled low to high, the transceiver will in- 
itiate resync immediately. The bit must first be cleared prior 
to subsequent resyncs. 



RECEIVE CODE INSERTION 

Incoming receive channels can be replaced with idle 
(7F Hex) or digital milliwatt (u-LAW format) codes. 
The receive mark registers indicate which channels 
are inserted. Bit RCR.5 serves as a "global" enable 
for marked channels, and bit RCR.4 selects inserted 
code format : = idle code, 1 = digital milliwatt. 



RECEIVE SYNCHRONIZER 

Bits RCR.O through RCR.3 allow the user to control 
operational characteristics of the synchronizer. 
Sync algorithm, candidate qualify testing, auto re- 
sync, and command resync modes may be altered 
at any time in response to changing span conditions. 
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Figure 13 : RMR1 - RMR3 : Receive Mark Registers. 
(MSB) 
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CH10 


CH9 


CH24 


CH23 


CH22 


CH21 


CH20 


CH19 


CH18 


CH17 



Symbol 
CH24 

CH1 



Position 

RMR3.7 

RMR1.0 



(LSB) 

RMR1 
RMR2 
RMR3 



Name and Description 

Receive Mark Registers. Each of these bit positions rep- 
resents a DSO channel in the incoming T1 frame. When 
set, the corresponding channel will output codes deter- 
mined by RCR.4 and RCR.5. 



Figure 14 : 193S Receive Multiframe Timing. 



FRAME* 12| 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | 10 | 11 | 12 | 1 | 2 | 3 | 4 | 5 | 6 
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Notes : 1 . Signaling data is updated during signaling frames on channel boundaries. RABCD is the LSB of each channel word in non-signaling 
frames. 
2. RLINK data (S-bit) is updated one bit time prior to odd frames and held for two frames. 
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Figure 15 : 193E Receive Multiframe Timing. 
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Notes : 1 . Signaling data is updated during signaling frames on channel boundaries. RABCD is the LSB of each channel word in non-signaling 
frames. 
2. RLINK data (FDL-bit) is updated one bit time prior to odd frames and held for two frames. 



Figure 16 : Receive Multiframe Boundary Timing. 
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Notes : 1 . RLINK timing is shown for 193E ; in 1 93S RLINK is updated on even frame boundaries and is held across multiframe edges.. 
2. Total delay from RPOS and RNEG to RSER output is 1 3 RCLK periods. 



Figure 17 : RSR : Receive Status Register. 
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Symbol 


Position 


BVCS 


RSR.7 


ECS 


RSR.6 


RYEL 


RSR.5 


RCL 


RSR.4 


FERR 


RSR.3 


B8ZSD 


RSR.2 


RBL 


RSR.1 



RLOS 



RSR.O 



Name and Description 

Bipolar Violation Count Saturation. Set when the 8-bit 
bipolar violation counter saturates to FF (hex). 
Error Count Saturation. Set when either of the 4-bit error 
count register saturates to F (hex). 
Receive Yellow Alarm. Set when yellow alarm detected. 
(Detected yellow alarm format determined by CCR.5, 
CCR.4 and CCR.3). 

Receive Carrier Loss. Set when 32 consecutive "O's" ap- 
pear ar RPOS and RNEG. 

Frame Bit Error. Set when FT (193S) or FPS (193E) bit 
error occurs. 

Bipolar Eight Zero Substitution Detect. Set when B8ZS 
code word detected . (Not effected by CCR.2). 
Receive Blue Alarm. Set when 2 consecutive Frames 
have less than 3 zeros (total) in the data stream (F-bit po- 
sitions not tested). 

Receive Loss of Sync. Set when resync is in process ; if 
RCR.1 = 0, RLOS transistions high on an OOF event or 
carrier loss, indicating auto resync. 



RECEIVE SIGNALING 

Robbed bit signaling data is presented at RABCD 
during each channel time in signaling frames for all 
24 incoming channels. Logical combination of 
clocks RMSYNC, RSIGFR and RSIGSEL allow the 
user to identify and extract AB or ABCD signaling 
data. 

RECEIVE ALARM REPORTING 

Incoming serial data is monitored by the transceiver 
for alarm occurences. Alarm conditions are reported 
in two ways : via transitions on the alarm output pins 
and registered interrupt, in which the host controller 
reads the RSR in response to an alarm driven inter- 
rupt. Interrupts may be direct, in which the trans- 
ceiver demands service for a real time alarm, or 
count-overflow triggered, in which an on-board 

Figure 18 : RIMR : Receive Interrupt Mask Register. 



alarm event counter exceeds a user-programmed 
threshold. The user may mask individual alarm con- 
diditons by clearing the appropriate bits in the re- 
ceive interrupt mask register (RIMR). 

ALARM SERVICING 

The host controller must service the transceiver in 
order to clear an interrupt condition. Clearing appro- 
priate bits in the RIMR will unconditionally clear an 
interrupt. Direct interrupts (those driven from real- 
time alarms) will be cleared when the RSR is directly 
read, unless the alarm condition still exists. Count- 
overflow interrupts (BVCS, ECS) are not cleared by 
a direct read of the RSR. They will be cleared only 
when the user presets the appropriate count register 
to a value other than all "1 's." A burst read of the 
RSR will not clear an interrupt condition 



(MSB) 














(LSB) 


BVCS 
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RYEL 


RCL 


FERR 


B8ZSD 


RBL 


RLOS 



Symbol 
BVCS 

ECS 
RYEL 

RCL 
FERR 



Position 

RIMR.7 

RIMR.6 
RIMR.5 
RRIM.4 
RIMR.3 



Gi 



Name and Description 

Bipolar Violation Count Saturation Mask. 

1 = Interrupt enabled ; = Interrupt Masked 

Error Count Saturation Mask. 

1= Interrupt enabled ; = Interrupt Masked 

Receive Yellow Alarm Mask. 

1= Interrupt enabled ; = Interrupt Masked 

Receive Carrier Loss Mask. 

1= Interrupt enabled ; = Interrupt Masked 

Frame Bit Error Mask. 

1= Interrupt enabled ; = Interrupt Masked 

SGS-TUOMSON 
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Symbol 
B8ZSD 

RBL 

RLOS 



Position Name and Description 

RIMR.2 Bipolar Eight Zero Substitution Detect Mask. 

1 = Interrupt enabled ; = Interrupt masked 

RIMR.1 Receive Blue Alarm Mask. 

1= Interrupt enabled ; = Interrupt masked 

RIMR.O Receive Loss of Sync. Mask. 

1= Interrupt enabled ; = Interrupt masked 



ALARM COUTERS 

The three on-board alarm event counters allow the 
transceiver to monitor and record error events with- 
out processor intervention on each occurrence. All 
of these counters are presettable by the user, estab- 
lishing an event count interrupt threshold. As each 
counter saturates, the next error event occurrence 
will set a bit in the RSR and generate an interrupt un- 
less masked. The user may read these registers at 
anytime, in many systems, the host will periodically 
poll these registers to establish link error rate perfor- 
mance. 

OOF EVENTS AND ERRORED SUPER- 
FRAMES 

Out of frame is declared when two (or more) of four 
consecutive framing bits are in error. FT bits are 
tested for OOF occurrence in 1 93S, the FPS bits are 
tested in 1 93 E. OOF events are recorded by the 4- 
bit OOF counter in the error count register. In the 
193E framing mode, the OOF event is logically 
"OR'ed" with an on-chip generated CRC checksum. 

Figure 19 : Bipolar Violation Count Register. 
(MSB) ' 



This event, known as errored superframe, is re- 
corded by the 4-bit ESF error counter in the error 
count register. In the193S framing mode, the 4-bit 
ESF error counter records individual FT and FS er- 
rors when RCR.3 = 1, or FT errors only when 
RCR.3= 0. 

ALARM OUTPUTS 

The transceiver also provides direct alarm outputs 
for applications when additional decoding and de- 
muxing are required to supplement the on-board 
alarm logic. 

RLOS OUTPUT 

The receiver loss of sync output indicates the status 
of the receiver synchronizer circuitry: when high, an 
off-line resynchronization is in progress and a high- 
low transition indicates resync is complete. The 
RLOS bit (RSR.O) is a "latched" version of the RLOS 
output. If the auto-resync mode is selected 
(RCR.1= 0) RLOS is a real time indication of a car- 
rier loss or OOF event occurrence. 



(LSB) 
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BVD6 


BVD5 


BVD4 


BVD3 


BVD2 


BVD1 


BVDO 



Symbol 


Position 


BVD7 


BVCR.7 


BVDO 


BVCR.O 



Name and Description 

MSB of bipolar violation count. 
LSB of bipolar violation count 



This 8 bit binary up counter saturates at 255 and will 
generate an interrupt for each occurance of a bipolar 
violation once saturated (RMR.7 = 1 ). Presetting this 
register allows the user to establish specific count in- 



terrupt thresholds. The counter will count "up" to 
saturation from the preset value, and may be read 
at any time. Counter increments occur at all times 
and are not disabled by resync. 
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Figure 20 : ECR : Error Count Register. 
(MSB) 



(LSB) 
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OOFD2 


OOFD1 


OOFD0 


ESFD3 


ESFD2 


ESFD1 


ESFDO 



Symbol 

OOFD3 
OOFD3 
ESFD3 
ESFDO 



OFF COUNT ESF ERROR COUNT- 

Position Name and Description 

ECR.7 MSB of OOF event count. 

ECR.4 LSB of OOF event count 

ECR.3 MSD of extended superframe error count. 

ECR.O LSB of extended superframe error count. 



These separate 4-bit binary up counters saturate at a 
count of 1 5 and will generate an interrupt for each oc- 
curence of an OOF event or an ESF error event after 
saturation (RIMR.6 = 1). Presetting these counters 
allows the user to establish specific count interrupt 
thresholds. The counters will count "up" to saturation 
from the preset value, and may be read at any time. 
These counters share the same register address, and 
must be written to or read from simultaneously. 

The OOF counter records out-of-frame events in both 
193S and 193E. The ESF error counter records er- 
rored superframes in 193E. In 193Sthe ESF counter 
records individual FT and FS errors when RCR.3 = 1 . 
FT errors only RCR.3 = 0. ECR counter increments 
are disabled when resync is in progress (RLOS high). 

RYEL OUTPUT 

The yellow alarm output transitions high when a yel- 
low alarm is detected. A high-low transition indicates 



the alarm condition has been cleared. The RYEL bit 
(RSR.5) is a "latched" version of the RYEL output. 
In 1 93E mode, the type of yellow alarm detected is 
determined by CCR.5. If CCR.5 is cleared, a yellow 
alarm is 1 6 sets of 00 (hex) and FF (hex) received 
at RLINK. If CCR.5 is set, a yellow alarm is 256 or 
more consecutive channels which have a "0" in bit 
position 2. In 193S mode, the type of yellow alarm 
detected is determined by CCR.3. If CCR.3 is 
cleared, a yellow alarm is 256 or more consecutive 
channels which have a "0" in bit position 2. If CCR.3 
is set, a yellow alarm is a "1 " in the S-bit position of 
frame 12. 

RBV OUTPUT 

The bipolar violation output transitions high when 
accused bit emerges at RSER. RBV will go low at 
the next bit time if no additional violations are de- 
tected. 
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Figure 21 : Alarm Output Timing. 
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Notes : 1 . 



RFER transistions high during F-bittime if received framing pattern bit is in error. (Frame 1 2 F-bits in 193S are ignored if CRC.3 = 1). 
Also, in 1 93E, RFER transitions 1/2 bittime before the rising edge of RMSYNC to indicate a crc error for the previous multiframe. 
RBV indicates received bipolar violation and transistions high when accused bit emerges from RSER. If B8ZS is enabled, RBV will 
not report the zero replacement code. 

RCL transitions high (during 32nd bittime) when 32 consecutive "O's" are received : RCL transitions low when the next "1 " is received. 
RLOS transitions high duri ng the F-bittime that caused an OOF event (any 2 of 4 consecutive Find or FPS bits are i n error) if autore- 
sync mode is selected (RCR. 1 = 0). Resync will also occur when loss of carrier is detected (RCL = 1 ). When RCR. = 1 , RLOS remains 
low until resy nc occ urs, regardless of OOF or carrier loss flags. In this situation, resync is initiated only when RCR.O transitions low- 
to-high or the RST pin transitions high-low-high. 



RFER OUTPUT 

The receive frame error output transitions high at the 
F-bit time and is held high for two bit periods when 
a frame bit error occurs. In 1 93S framing FT and FS 
patterns are tested. The FPS pattern is tested in the 
193E framing. Additionally, in the 193E framing, 
RFER reports a CRC error by a low-high transition 
(one bit period wide) one half RCLK period before 
a low-high transition on RMSYNC. 

Table 6 : Hardware Mode. 



RESET 

A high-low transition on RST clears all regist ers and 
forces immediate receive resync when RST returns 
high. This reset has no effec t on t ransmit frame, multi- 
frame, or channel counters. RST must be held low on 
system power-up to insure proper initialization of 
transceiver counters and registers. Following reset, 
the host processor should restore all control modes by 
writing appropriate registers with control data. 



Pin Number 


Register 
Bit Location 


Name and Description 


14 
(INT) 


TCR-Bit 2 


193S mode S-bit Insertion 3 . 

1 = External ; = Internal (No effect in 1 93E mode) 


15 
(SDI) 


CCR-Bit4 


Framing Mode Select. 

1 = 193E ;0 = 193S 


16 
(SDO) 


TCR-Bit 


Transmit Yellow Alarm 2 - 3 . 

1 = Enabled ; = Disabled 


17 
(CS) 


CCR-Bit 1 


Zero Suppression 1 . 

1 = Bit 7 stuffing ; = Transparent 


18 
(SCLK) 


CCR-Bit 2 


B8ZS 1 . 

1 = Enabled ; = Disabled 



Notes : 1 . Tying pins 1 7 and 1 8 high enables loopback in hardware mode. 

2. Bit 2 (1 93S) and data link (193E) yellow alarms are supported. 

3. S-bit yellow alarm (1 93S) is not internally supported ; however, the user may elect to insert external S-bits for alarm purposes. 
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HARWARE MODE 

For preliminary system prototyping or applications 
which do not require the features offered by the serial 
port, the transceiver can be reconfigured by the SPS 
pin. Tying SPS to VSS disables the serial port, clears 
all internal registers except CCR and TCR and re- 
defines pins 14 through 18 as mode control inputs. 
The hardware mode allows device retrofit into existing 
applications where mode control and alarm condition- 
ing hardware is often designed with discrete logic. 

HARDWARE COMMON CONTROL 

In the hardware mode bits TCR.2, CCR.4, TCR.O, 
CCR.1 and CCR.2 map to pins 14 through 18. The 
loopback feature (bit CCR.O) is enabled by tying pins 
1 7 (zero suppression) and 1 8 (B8ZS) to 1 . (The last 
states of pins 1 7 and 18 are latched when both pins 
are taken high, preserving the current zero suppress- 
ion mode). Robbed bit signaling (bit TCR.4) is enabled 
for all channels. The user may tie TSER to TABCD ex- 
ternally to disable signaling if so desired. Bit CCR.3 is 
forced to 0, which selects bit 2 yellow alarm in 193S 
framing. Contents of the RCR, as well as the remain- 
ing bit locations in the C CR an d TCR, are cleared in 
the hardware mode. The RST input may be used to 
force immediate receiver resync, and has no effect on 
transmit. 

T1 OVERVIEW 

FRAMING STANDARDS 

The MK21 80A is compatible with the existing Bell Sys- 
tem D4 framing standard described in ATT PUB 
43801 and the new extended superframe format 
(ESF) as described in ATT C.B. #142. In this do- 
cumentation, D4 framing is referred to as 193S, and 
ESF (also known as Fe) is referred to as 193E. Pro- 
grammable features of the MK21 80A allow support of 
other framing standards which are derivatives of 1 93E 
and 193S. The salient differences between the 193S 
and 193E formats are the number of frames per 
superframe and use of the F-bit position. In 193S, 12 
frames make up a superframe ; in 193E, 24. A frame 
consists of 24 channels (timeslots) of 8-bit data 
preceded by an F-bit. Channel data is transmitted and 
received MSB first. 

F - BITS 

The use of the F-bit position in 193S is split between 
the terminal framing pattern (known as FT-bits) which 
provides frame alignment information, and the signal- 
ing framing pattern (known as FS-bits) which provides 
multiframe alignment information. In 193E framing, 
the F-bit position is shared by the framing pattern se- 
quence (FPS), which provides frame and multiframe 
alignment information, a 4 kHz data link (facility data 



link) known as FDL, and CRC (cyclic redundancy 
check) bits. The FDL bits are used for control and 
maintenance (inserted by the user at TLINK) and the 
CRC bits are an indicator of link quality and may be 
monitored by the user to establish error performance. 

SIGNALING 

During frames 6 and 12 in 193S, A and B signaling 
information is inserted into the LSB of all channels 
transmitted. In 193E, A and B data is inserted into 
frames 6 and 12, and C and D data is inserted into 
frames 1 8 and 24. This allows a maximum of 4 sig- 
naling states to be transmitted per superframe in 
193S and 16 states in 193E. 

ALARMS 

The MK2180A supports all alarm pattern generation 
and detection required in typical Bell System appli- 
cations. These alarm modes are explained in ATT 
PUB 43801, ATT C.B. #142 and elsewhere in this 
document. 

LINE CODING 

T1 line data is transmitted in a bipolar alternative mark 
inversion line format ; ones are transmitted as alter- 
nating negative and postive pulses and zeros are sim- 
ply the absence of pulses. This technique minimizes 
DC voltage on the T1 span and allows clock to be ex- 
tracted from data. The network currently has a one's 
density constraint to keep clock extraction circuitry 
functioning, which is usually met by forcing bit 7 of any 
channel consisting of all 0's to 1 . The use of Bipolar 
Eight Zero Substitution (B8ZS) also satisfies the one's 
density requirement, while allowing data traffic to be 
transmitted without corruption. This feature is known 
as clear channel and is explained more completely in 
ATT C.B. #144. When the B8ZS feature is enabled, 
any outgoing stream of eight consecutive zeros is re- 
placed with a B8ZS code word. If the last "one" trans- 
mitted was positive, the inserted code is 000+ - -'+ 
; if negative, the code word inserted is 000- + + -. Bi- 
polar violations occur in the fourth and seventh bit po- 
sitions, which are ignored by the MK2180A error 
monitoring logic when B8ZS is enabled. Any received 
B8ZS code word is replaced with all 0's if B8ZS is en- 
abled. Also, the receive status register will report any 
occurrence of B8ZS code words to the host controller. 
This allows the user to monitor the link for upgrade to 
clear channel capability, and respond to it. The B8ZS 
monitoring feature works at all times and is inde- 
pendent of the state of CCR.2. 

TRANSMIT SIDE OVERVIEW 

The transmit side of the MK21 80A is made up of 6 
major functional blocks : timing and clock gener- 
ation, data selector, bipolar coder, yellow alarm, 
F-bit data and CRC. The timing and clock gener- 
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ation circuit develops all on-board and output clocks 
to the system from inputs TCLK, TFSYNC, and 
TMSYNC. The yellow alarm circuitry generates 
mode dependent yellow alarms. The CRC block 
generates checksum results utilitzed in 193E fram- 
ing,. F-bit data provides mode dependent framing 
patterns and alows insertion of link or S-bit data ex- 
ternally. All of these blocks feed into the data selec- 
tor, where under control of the CCR, TCR, TIR's and 



TTR's, the contents of the outgoing data stream are 
established by bit selection and insertion. The bipo- 
lar coder formats the output of the data selector to 
make it compatible with bipolar transmission tech- 
niques and inserts zero suppression codes. The bi- 
polar coder also supports the on-board loopback 
feature. Input to output delay of the transmitter is 10 
TCLK cycles. 



Table 7 : 193E Framing 
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Frame 
Number 


F-Bit Use 


Bit Use In Each Channel 


Signaling-Bit Use 




FPS 1 


FDL 2 


CRC 3 


Data 


Signaling 4 ' 5 


2 


4 


16 


1 












State 


State 


State 




M 




BITS 1-8 










2 






C1 


BITS 1-8 










3 




M 




BITS 1-8 










4 









BITS 1-8 










5 




M 




BITS 1-8 










6 






C2 


BITS 1-7 


BIT 8 


A 


A 


A 


7 




M 




BITS 1-8 










8 









BITS 1-8 










9 




M 




BITS 1-8 










10 






C3 


BITS 1-8 










11 




M 




BITS 1-8 










12 


1 






BITS 1-7 


BIT 8 


A 


B 


B 


13 




M 




BITS 1-8 










14 






C4 


BITS 1-8 










15 




M 




BITS 1-8 










16 


.0 






BITS 1-8 










17 




M 




BITS 1-8 










18 






C5 


BITS 1-7 


BIT 8 


A 


A 


C 


19 




M 




BITS 1-8 










20 


1 






BITS 1-8 










21 




M 




BITS 1-8 










22 






C6 


BITS 1-8 










23 




M 




BITS 1-8 










24 


1 






BITS 1-7 


BIT 8 


A 


B 


D 



Notes : 1 . FPS - Framing Pattern Sequence. 

2. FDL - 4kHz Facility Data Link ; M = message bits. 

3. CRC - Cycle Redundancy Check bits. The CRC code will be internally generated by the device when TCR.5 = 0. When TCR.5 = 1 , 
externally supplied CRC data will be sampled at TSER during the F-time of frames 2, 6, 1 0, 1 4, 1 8, 22. 

4. The user may program any individual channels clear, in which case Bit 8 will be used for data, not signaling. 

5. Depending on applications, the user can support 2-state, 4-dstate, or 1 6-state signaling by the appropriate decodes of TMO, TSIGFR, 
TSIGSEL. 



RECEIVE SIDE OVERVIEW 

SYNCHRONIZER 

The heart of the receiver is the synchronizer/sync 
monitor. This circuit serves two purposes : 1 ) monitor- 
ing the incoming data stream for loss of frame or multi- 
frame alignment, and 2) searching for new frame 
alignment pattern when sync loss is detected. When 
sync loss is detected, the synchronizer begins an off- 
line search for the new alignment ; all output timing sig- 



nals remain at the old alignment with the exception of 
RSIGFR, which is forced low during resync. When 
one and only one candidate is qualified, the output tim- 
ing will move to the new alignment at the beginning of 
the next multiframe. One frame later, RLOS will tran- 
sition low, indicating valid sync and the resumption of 
the normal sync monitoring mode. Several bits in the 
RCR allow tailoring of the resync algorithm by the 
user. These bits are described below. 
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Table 8 : 193S Framing Format. 



Frame 
Number 


F-Bit Use 


Bit Use In Each Channel 


Signaling-Bit Use 


1 


Ft 1 


Fs 2 


Data 


Signaling 4 




1 




BITS 1-8 






2 







BITS 1-8 






3 







BITS 1-8 






4 







BITS 1-8 






5 


1 




BITS 1-8 






6 




1 


BITS 1-7 


BIT 8 


A 


7 







BITS 1-8 






8 




1 


BITS 1-8 






9 


1 




BITS 1-8 






10 




1 


BITS 1-8 






11 







BITS 1-8 






12 




o 3 


BITS 1-7 


BIT 8 


B 



Notes : 1. FT (terminal framing) bits provide frame aligment information. 

2. FS (signaling frame) bits provide multiframe aligment information. 

3. The S-bit in frame 1 2 may be used for yellow alarm transmission and detection in some applications. 

4. The user may program any individual channels clear, in which case Bit 8 will be used for data, not signaling. 



SYNC CRITERIA (RCR.2) 

Bit RCR.2 determines the number of consecutive 
framing pattern bits to be qualitfied before SYNC is 
declared. If RCR.2 = 1 , the aligorithm will validate 24 
bits ; if RCR.2 = 0, 1 bits are validated. 24 bit testing 
results in superior false framing protection, while 10 
bit testing minimizes reframe time (although in either 
case, the synchronizer will only establish resync 
when one and only one candidate is found). 

RESYNC (RCR.O) 

A zero-to-one transition of RCR.O causes the syn- 
chronizer to search for the framing pattern se- 
quence immediately, regardless of the internal sync 
status. In order to initiate another resync command, 
this bit must be cleared and then set again. 

SYNC ENABLE (RCR.1) 

When RCR.1 is cleared, the receiver will inititate auto- 
matic resync if any of the following events occur: 1 ) an 
OOF event (out-of -frame), or 2) carrier loss (32 con- 
secutive 0's appear at RPOS and RNEG). An OOF 
event occurs any time that 2 of 4 FT or FPS bits are 
in error. When RCR.1 is set, the automatic resync cir- 
cuitry is disabled ; in this case, resync can only be in- 
initated by setting RCR.O to 1, or ext ernall y via 
low-high transition on RST. Note that using RSTto in- 
itiate resync resets the receive output timing while 
RST is low ; use of RCR. 1 does not affect output timing 
until the new alignment is located. 



SYNC CRITERIA (RCR. 3) 

193E 

Bit RCR.3 determines which sync algorithm is 
utilized when resync is in progress (RLOS = 1). In 
193E framing, when RCR.3 = 0, the synchronizer 
will lock only to the FPS pattern and will move to the 
new frame and multiframe alignment after the fram- 
ing candidate is qualified. RLOS will go low one 
frame after the move to the new alignment. When 
RCR.3 = 1 , the new alignment is further tested by a 
CRC code match. RLOS will transition low after a 
CRC match occurs. If no CRC match occurs in three 
attempts (three multiframes), the algorithm will reset 
and a new search for the framing pattern begins. It 
takes 9 ms for the synchronizer to check the first 
CRC code after the new alignment has been loaded. 
Each additional CRC test takes 3 msec. Regardless 
of the state of RCR.3, if more than one candidate 
exists after about 24 milliseconds, the synchronizer 
will begin eliminating emulators by testing their CRC 
codes on-line in order to find the true framing can- 
didate. 

193S 

In 1 93S framing, when RCR.3 = 1 , the synchronizer 
will cross check the FT pattern with the FS pattern 
to help eliminate false framing candidates such as 
digital milliwatts. The FS patterns are compared to 
therepeatingpattern ...001 1 1 0001 1 1 000. ..(001 1 1 
X0 if CCR.3-YELMD- is equal to a 1). In this mode, 
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FT and FS patterns must be correctly identified by 
the synchronizer before sync is declared. Clearing 
RCR.3 causes the synchronizer to search for FT 
patterns (101010...) without cross-coupling the FS 
pattern. Frame sync will be established using the FT 
information, while multiframe sync will be estab- 
lished only ifvalid FS information is present. If no 
valid FS pattern is identified, the synchronizer will 
move to the FT alignment, RLOS will go low, and a 
false multiframe position may be indicated by 
RMSYNC. RFER will indicate when the received S- 
bit pattern does not match the assumed internal 
multiframe alignment. This mode will be used in ap- 
plications where non-standard S-bit patterns exist, 
in such applications multiframe alignment informa- 
tion can be decoded externally by using the S-bits 
present at RLINK. 



PROCESSOR-BASED SIGNALING 
Many robbed bit signaling applications utilize a 
microprocessor to insert transmit signaling data into 
the outgoing data stream. The circuit shown in figure 
22 "decouples" the processor timing from that of the 
MK21 80A by use of a small FIFO memory. The pro- 
cessor writes to the FIFO (6 bytes are written : 3 for 
A data, 3 for B data) only when signaling updates are 
required. The FIFO automatically retransmits old 
data when no updates occur. The system is inter- 
rupt-driven from the transmit multiframe sync input ; 
the processor must update the FIFO prior to frame 
6 (625 us) after interrupt to prevent data corruption. 
The application circuit shown supports 193S fram- 
ing ; additional hardware is required for 1 93E appli- 
cations. 



Table 9 : Average Reframe Time 1 . 



Frame 
Mode 


RCR.2 = 


RCR.2 = 1 


Unit 


Min. 


AVG 


Max. 


Min. 


AVG 


Max. 


193S 
193E 


3.0 
6.0 


3.75 
7.5 


4.5 
9.0 


6.5 
13.0 


7.25 
14.5 


8.0 
16.0 


msec 



Figure 22 : Processor-based Transmit Signaling Insertion. 



RXD 
TXD 



I 



_£ 



Multiframe Sync ^>— 



INT 
SDO 

SCLK 
CS 



TSIGFR 

TCHCLK 

TABCD 

TMSYNC 

TFSYNC 
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ABSOLUTE MAXIMUM RATING* 

Voltage on any Pin Relative to Ground -0.5V to VDD + 0.5V 

Operating Temperature 0°C to 70°C 

Storage Temperature -40°C to 150°C 

* This is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation sections 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED D.C. OPERATING CONDITIONS (0°C to 70° C) 



Notes : 1. TCLK = RCLK = 1 .544MHz 

2. Outputs open 

3. Applies to SDO when tristated 

4. All outputs except INT, which is open collector. 

5. All outputs. 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


V,H 


Logic 1 


2.0 




V DD +-5 


V 


V,L 


Logic 


-0.3 




+0.8 


V 


Vcc 


Supply 


4.5 


5.0 


5.5 


V 


CAPACITANCE (t A = 25°C) 


Symbol 


Parameter 


Max. 


Unit 


C|N 


Input Capacitance 


5 


PF 


C<DUT 


Output Capacitance 


7 


PF 


D.C. ELECTRICAL CHARACTERISTICS (0°C to 70°C VDD= 5V ±10%) 


Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Notes 


•dd 


Supply Current 




3 


10 


mA 


1,2 


IlL 


Input Leakage 






1 


uA 




"lo 


Output Leakage 






1 


uA 


3 


VqH 


Output High Voltage @ - 1 mA 


2.4 






V 


4 


Vol 


Output Low Voltage @ 4mA 






0.4 


V 


5 



A.C. ELECTRICAL CHARACTERISTICS^ - SERIAL PORT (0°C to 70°C VCC = 5V ±10%) 




Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


foe 


SDI Set up to SCLK Rising 


50 






ns 


foDH 


SDI Hold from SCLK Rising 


50 






ns 


foD 


SDI Set up to SCLK Falling (during data writes) 


50 






ns 


fo L . 


SCLK Low Time 


125 






ns 


foH 


SCLK High Time 


125 






ns 


tR,t F 


SCLK Rise & Fall Time 






500 


ns 


foe 


CS Falling (set up) to SCLK Rising 


50 






ns 


focH 


CS Rising (hold) from SCLK Rising 


50 






ns 


fowH 


CS High (inactive) Time 


125 






ns 


foDV 


SCLK Falling to SDO Valid 2 






100 


ns 


foDZ 


CS to SDO High Z 






75 


ns 


fosc 


SCLK Set up to CS Falling 


50 






ns 



Notes : 1. 

2. 



Measured at Vm = 2.0V, Vil = .8V and 10ns maximum rise and fall time. 
Output load capacitance = 100pF. 
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SERIAL PORT WRITE A.C. TIMING DIAGRAM 



cs 



SCLK 



SDI 




.£_ t CCH 



wz}f^^m 



DATA BYTE 



Notes : 1 . Data byte bits must be valid across clock periods to prevent transients in operating modes. 
2. Shaded regions indicated don't care states of input data. 

SERIAL PORT READ 1 A.C. TIMING 



CS 



SCLK 



SDO 



-Vv 



\y\ VALID Y VALID Y VALID V 



DATA BYTE 



Note : 1 . Serial port write must precede a port read to provide address information. 
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A.C. ELECTRICAL CHARACTERISTICS 1 - TRANSMIT (0°C to 70°C, V C c= 5V±10%) 


Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


tp 


TCLK Period 


250 


648 




ns 


%NU twH 


TCLK Pulse Width 


125 


324 




ns 


iF.tR 


TCLK, RCLK Rise & Fall Time 




20 




ns 


tsTD 


TSER, TABCD, TLINK Set up to TCLK Falling 


50 






ns 


tHTD 


TSER, TABCD, TLINK Hold from TCLK Falling 


50 






ns 


tsTS 


TFSYNC, TMSYNC Set Up to TCLK Rising 


-125 




125 


ns 


tpTS 


Propagation Delay 3 TCLK to TMO, TSIGEL, TSIGFR, TLCLK 






100 


ns 


tpTCH 


Propagation Delay TCLK to TCHCLK 






100 


ns 


tTSP 


TFSYNC, TMSYNC Pulse Width 


100 






ns 


tpTD 


Propagation Delay TCLK to TPOS, TNEG 






100 


ns 



Notes : 1 . Measured at Vih = 2.0V, Vi L = .8V and 1 0ns maximum rise and fall time. 

2. Output load capacitance = 1 0OpF. 

3. Propagation delay of these signals is measured from the rising edge of TMSYNC (instead of TCLK) if TMSYNC occurs after the 
rising edge of TCLK on a non-frame boundary. Maximum delay from rising edge of TMSYNC = 75ns. 



A.C. ELECTRICAL CHARACTERISTICS 1 - RECEIVE (0°C to 70°C 


, v cc = 


5V±10%) 




Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


tpRS 


Propagation Delay RCLK to RMSYNC, RFSYNC, RSIGEL, 
RSIGFR, RLCLK, RCHCLK 






100 


ns 


tpRD 


Propagation Delay RCLK to RSER, RABCD, RLINK 






100 


ns 


tlTR 


Transition Time All Receive Outputs 2 






20 


ns 


tp 


RCLK Period 


250 


648 




ns 


twL> twH 


RCLK Pulse Width 


125 


324 




ns 


t R ,t F 


RCLK Rise & Fall Times 




20 




ns 


tsRD 


RPOS, RNEG Set Up to RCLK Falling 


50 






ns 


tHRD 


RPOS, RNEG Hold to RCLK Falling 


50 






ns 


tpRA 


Propagation Delay RCLK to RYEL, RCL, RFER, RLOS, RBV 






100 


ns 


tRST 


Minimum RST .Pulse Width on System Power Up or Restart 


1 






|IS 



Notes : 1 . Measured at Vih = 2.0V, V| L = .8V and 10ns maximum rise and fall time. 
2. Output load capacitance = 1 0OpF. 
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TRANSMIT A.C. TIMING DIAGRAM 



TCLK 



TSER/TABCD, 
TLINK 



TMO/TLCLK, 
TSIGSEL/TSIGFR 



TMSYNC, 
TFSYNC 



TCHCLK 



t STD 



K 



tR 



"\_ 



:< X 



_J t TSP 



t PTCH 



RECEIVE A.C. TIMING 



RCLK 



RSER,RABCD 
RLINK 

RMSYNC,RFSYNC, 
RSIGSEL,RSIGFR, 
RLCLK,RCHCLK 

RYEL,RCL,RBV, 
RFER,RLOS 



RPOS,RNEG 



RST 



z>c 



t SRI) 



«= =»«= 3> 



X X 



t RST 
< 5* 
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Figure 23 : Output Test Load. 



Figure 24 : INT Test Load. 



for all outputs except INT 



TEST 
POINT" 




IN4447 

OR EQUIVALENT 

*U 2.32Kohm 



+5 Vdc 



INTO 



L = 100pF 



MK2180AN SERIAL T1 TRANSCEIVER 40 PIN PLASTIC DIP 




DIM. 


INCHES 


MIN. 


MAX. 


A 


2.040 


2.080 


B 


.540 


.560 


C 


.140 


.160 


D 


.590 


.610 


E 


.020 


.040 


F 


.110 


.130 


G 


.090 


.110 


H 


.600 


.680 


J 


.008 


.012 


K 


.015 


.021 





V 



SI f 



■-H 



i_ 



'9 EOl/Al S^CES ** 
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51 



SGS-THOMSON 

HBO[f®iiL[ie¥^©oifioei 



27/28 



303 



MK2180A 



MK2180AQ SERIAL TRANSCEIVER 44 PIN PLCC 



45 . xPmNo.1 




Dll\ 




INCHES 




\ 








MIN. 


MAX. 










i-l 


-*' t 


A 


.490 


.510 




r\ 






B 


.590 


.630 




j . 






C 


.020 


.024 




i_j 


i 


P 


D 


.018 


.022 




t [ 

c J 


. f3 


E 


.688 


.692 






F 


.118 


.130 






i y 




G 


.020 


.030 




/ 


i t 




/ 


i 


H 


.590 


.630 
















~m B »• 


1 


.167 


.173 










J 


.048 


.051 






5 £ 5 

2 " : Z t i > CC CC 

-jn r: n .— > n o rxra-Ti n r\ 








TS!« [ 


^ > 

O 


3 "NEC 

3 *«'OS 
3 RST 
3 TEST 
3 WSiGSEL 
] RS'CPK 
3 »*BCD 
3 BMSVNC 
3 R^S^NC 
3 «SER 
] RCmCLH 






TWO [ 
TSlGSEl [ 

TABCD [ 


1 




1 


*- D 


TL'NX [ 




,n ^L 


♦ 


TLCLK [ 
T«»OS [ 
TNEG [ 

so. C 


\ 


i 


^ . 


. z. : 


: = = 


Mi i 

AX l/l 
DEG-W I- — 

H 


F 1 


.010 u 
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J1 
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SERIAL INPUT OUTPUT 



COMPATIBLE WITH MK68000 CPU 
COMPATIBLE WITH MK68000 SERIES DMA's 
TWO INDEPENDENT FULL-DUPLEX CHAN- 
NELS 

TWO INDEPENDENT BAUD-RATE GENER- 
ATORS 

- Crystal oscillator input 

_ Single-phase TTL clock input 
DIRECTLY ADDRESSABLE REGISTERS 
(all control registers are read/write) 
DATA RATE IN SYNCHRONOUS OR ASYN- 
CHRONOUS MODES 
_ 0-1 .25M bits/second with 5.0MHz system 

clock rate 
SELF-TEST CAPABILITY 
RECEIVE DATA REGISTERS ARE QUADRU- 
PLY BUFFERED ; TRANSMIT REGISTERS 
ARE DOUBLY BUFFERED 
DAISY-CHAIN PRIORITY INTERRUPT LOGIC 
PROVIDES AUTOMATIC INTERRUPT VECTO- 
RING WITHOUT EXTERNAL LOGIC 
MODEM STATUS CAN BE MONITORED 
_ Separate modem controls for each channel 
ASYNCHRONOUS FEATURES 
_ 5, 6, 7, or 8 bits/character 

- 1,1 1/2, or 2 stop bits 

- Even, odd, or no parity 

. x1 , x1 6, x32, and x64 clock modes 
_ Break generation and detection 
_ Parity, overrun, and framing error detection 
BYTE SYNCHRONOUS FEATURES 
_ Internal or external character synchronization 
_ One or two sync characters in separate regis- 
ters 

- Automatic sync character insertion 

. CDC-1 6 or CRC-CCITT block check genera- 
tion and checking 
BIT SYNCHRONOUS FEATURES 

- Abort sequence generation and detection 
_ Automatic zero insertion and deletion 

. Automatic flag insertion between messages 

- Address field recognition 
_ l-field residue handling 

- Valid receive messages protected from over- 
run 

_ CRC-1 6 or CRC-CCITT block check genera- 
tion and checking 




PDIP48 

(Plastic Package) 



^^ 



PLCC52 

(Chip Carrier) 



DESCRIPTION 

The MK68564 SIO (Serial Input Output) is a dual- 
channel, multi-function peripheral circuit, designed 
to satisfy a wide variety of serial data communica- 
tions requirements in microcomputer systems. Its 
basic function is a serial-to-parallel, parallel-to-serial 
converter/controller ; however within that role, it is 
systems software configurable so that its "persona- 
lity" may be optimized for any given serial data com- 
munications application. 

The MK68564 is capable of handling asynchronous 
protocols, synchronous byte-oriented protocols 
(such as IBM Bisync), and synchronous bit-oriented 
protocols (such as HDLC and IBM SDLC). This ver- 
satile device can also be used to support virtually 
any serial protocol for applications other than data 
communications (cassette or floppy disk interface, 
for example). 

The MK68564 can generate and check CRC codes 
in any synchronous mode and may be programmed 
to check data integrity in various modes. The device 
also has facilities for modem controls in each chan- 
nel. In applications where these controls are not 
needed, the modem controls may be used for ge- 
neral-purpose I/O. 
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SIO PIN DESCRIPTION 



GND : 


Ground 


Vcc: 


+ 5 Volts (± 5%) 


CS : 


Chip Select (input, active low). CS is used to select the MK68564 SIO for accesses to 
the internal registers. CS and IACK must not be asserted at the same time. 


R/W: 


Read/write (input). R/W is the signal from the bus master, indicating wether the current 
bus cycle is a Read (high) or Write (low) cycle. 


DTACK : 


Data Transfer Acknowledge (output, active low, three stateable). DTACK is used to 
signal the bus master that data is ready or that data has been accepted by the 
MK68564 SIO. 


A1-A5 : 


Address Bus (inputs). The address bus is used to select one of the internal registers 
during a read or write cycle. 


D0-D7 


Data Bus (bidirectional, threee-stateable). The data bus is used to transfer data to or 
from the internal registers during a read or write cycle. It is also used to pass a vector 
during an interrupt acknowledge cycle. 


CLK : 


Clock (input). This input is used to provide the internal timing for the MK68564 SIO. 


RESET : 


Device Reset (input, active low). RESET disables both receivers and transmitters, forces 
TxDA and TxDB to a marking condition, forces the modem controls high and disables 
all interrupts. With the exception of the status registers, data registers, and the vector 
register, all internal registers are cleared. The vector register is reset to "OFH". 


INTR : 


Interrupt Request (output, active low, open drain). INTR is asserted when the MK68564 
SIO is requesting an interrupt. INTR is negated during an interrupt acknowledge cycle 
or by clearing the pending interrupt(s) through software. 


IACK : 


Interrupt acknowledge (input, active low). IACK is used to signal the MK68564 SIO that 
the CPU is acknowledging an interrupt. CS and IACK must not be asserted at the same 
time. 


TeT : 


Interrupt Enable In (input, active low). IEI is used to signal the MK68564 SIO that no 
higher priority device is requesting interrupt service. 


IEO: 


Interrupt Enable Out (output, active low). IEO is used to signal lower priority peripherals 
that neither the MK68564 SIO nor another higher priority peripheral is requesting 
interrupt service. 


XTAL1 , XTAL2 : 


Baud Rate Generator inputs. A crystal may be connected between XTAL1 and XTAL2, 
or XTAL1 may be driven with a TTL level clock. When using a crystal, external 
capacitors must be connectd. When driving XTAL1 with a TTL level clock, XTAL2 must 
be allowed to float. 


RxRDYA, RxRDYB: 


Receiver Ready (outputs, active low). Programmable DMA output for the receiver. The 
RxRDY pins pulse low when a character is available in the receive buffer. 


TxRDYA, TxRDYB : 


Transmitter Ready (outputs, active low). Programmable DMA output for the transmitter. 
The TxRDY pins pulse low when the transmit buffer is empty. 


CTSA, CTSB : 


Clear to Send (inputs, active low). If Tx Auto Enables is selected, these inputs enable 
the transmitter of their respective channels. If Tx Auto Enables is not selected, these 
inputs may be used as general purpose input pins. The inputs are Scmit-trigger 
buffered to allow slow rise-time input signals. 


DCDA, DCDB : 


Data Carrier Detect (inputs, active low). If Rx Auto Enables is selected, these inputs 
enable the receiver of their respective channels. If Rx Auto Enables is not selected, 
these inputs may be used as general purpose input pins. The inputs are Schmit-trigger 
buffered to allow slow rise-time input signals. 


RxDA, RxDB : 


Receive Data (inputs, active high). Serial data input to the receiver. 


TxDA, TxDB : 


Transmit Data (outputs, active high). Serial data output of the transmitter. 
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SIO PIN DESCRIPTION (continued) 



RxCA, RxCB : 


Receiver Clocks (input/output). Programmable pin, receive clock input, or baud rate 
generator output. The inputs are Schmit-trigger buffered to allow slow rise-time input 
signals. 


TxCA, TxCB : 


Transmitter Clocks (input/output). Programmable pin, transmit clock input, or baud rate 
generator output. The inputs are Schmit-trigger buffered to allow slow rise-time input 
signals. 


RTSA, RTSB : 


Request to Send (outputs, active low). These outputs follow the inverted state 
programmed into the RTS bit. When the RTS bit is reset in the asynchronous mode, the 
output will not change until the character in the transmitter is completely shifted out. 
These pins may be used as general purpose outputs. 


DTRA, DTRB : 


Data Terminal Ready (outputs, Active low). These outputs follow the inverted state 
programmed into the DTR bit. These pins may also be used as general purpose 
outputs. 


SYNCA, SYNCB : 


Synchronization (input/output, active low). The SYNC pin is an output when Monosync, 
Bisync, or SDLC mode is programmed. It is asserted when a sync/flag character is 
detected by the receiver. The SYNC pin is a general purpose input in the Asynchronous 
mode and an input to the receiver in the External Sync Mode. 



Figure 1a : Dual In Line Pin Configuration. 
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Figure 1b : Chip Carrier Pin Configuration. 
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SIO SYSTEM INTERFACE 

INTRODUCTION 

The MK68564 SIO is designed for simple and effi- 
cient interface to a MK68000 CPU system. All data 
transfers between the SIO and the CPU are asyn- 
chronous to the system clock. The SIO system 
timing is derived from the chip select input (CS) du- 
ring normal read and write seq uence s, and from the 
interrupt acknowledge input (JACK) during an ex- 
ception processing sequence. CS is a function of 
addre s s dec ode and (normally) lower data strobe 
(LDS). IACK is a function of the interrupt level on ad- 
dress lines A1, A2, and A3, an inte rrupt acknow- 
ledge function code (FC0-FC2), and LDS. 



Note : CS and IACK can never be asserted at the 
same time. 

Note : Unused inputs should be pulled up or down, 
but never left floating. 

READ SEQUENCE 

The SIO will begin a readjcycle if, on the falling edge 
of CS, the read-write (RAN) pin is high. The SIO will 
respond by decoding the address bus (A1-A5) for 
the register selected, by placing the contents of that 
register on the data bus pins (D0-D7) , and by dri- 
ving the data transfer acknowledge (DTACK) pin 
low. If the register selected is not implemented on 
the SIO, the data bus pins will be driven high, and 
then DTACK will be asserted. When the CPU has 
acquired the data, the CS si gnal is d riven high, at 
which time the SIO will drive DTACK high and then 
three-state DTACK and D0-D7. 

WRITE SEQUENCE 

The SIO wi ll beg in a write cycle if, on the falling edge 
of CS, the R/W pin is low. The SIO will respond by 
latching the data bus, by decoding the address bus 
for the register selected, by loading the regi ster with 
the contents of the data bus, and by driving DTACK 
low. When the CPU has finished the cycle, the CS 
input is driven high. At this time, the SIO wil l drive 
DTACK high and will then three-state DTACK. If the 
register selected is not implemented on the SIO, the 
normal write sequence will proceed, but the data 
bus contents will not be stored. 



INTERRUPT SEQUENCE 

The SIO is designed to operate as an independent, 
interrupting peripheral, or, when interconnected 
with other components, an interrupt priority daisy 
chain can be formed. 

Independent Operation. Independent operation 
requires that the interrupt enable in pin (IEI) be 
connected to ground. The SIO starts the in terrup t 
sequence by driving the interrupt request pin (INTR) 
low. The CPU responds to the interrupt by starting 
an int errupt acknowledge cycle, in which the SIO 
IACK pin is driven low. The h ighest priority interrupt 
request in the SIO, at the time IACK goes low, places 
its vector on the data bus pins. The SIO releases 
the INTR pin and drives DTA CK low . When the CPU 
has acquired the vector, the IAC K signal is driven 
high. The SIO responds by d riving DT ACK to a high 
level and then three-stating DTACK and D0-D7. If 
more than one interrupt request is pending at the 
start of an int errupt acknowledge sequence, the SIO 
will drive the INTR pin low following the completion 
of the interrupt acknowledge cycle. This sequence 
will continue until all pending interrupts are cl eared. 
If the SIO is not requesting an interrupt wh en IA CK 
goes l ow, the SIO will not respond to the IACK si- 
gnal ; DTACK and the data bus will remain three- 
stated. 

Daisy Chain Operation. The interrupt priority chain 
i s for med by connecting the interrupt enable out pin 
(IEO) of a higher priority part to IEI of the next lower 
priority part. .The highest priority part in the chain 
should have IEI tied to ground. The Daisy Chaining 
capability (figures 2 and 3) requi res that all parts in 
a chain have a common IACK signal. When the 
common IACK goes low, all parts freeze and priori- 
tize interrupts in parallel. T hen priority is passed 
down the chain, via IEI and IE.O, until a part which 
has a pending interrupt, once IEI goes low, passes 
a vecto r, does not propagate IEO, and generates 
DTACK. 

The state of the IEI pin does not affect the SIO in- 
terrupt control logic. The SIO can generate an inter- 
rupt request anytime its interrupts are enabled. The 
IE O pin is norm ally h igh ; it will only go low during 
an IACK cycle if IEI is Jow and no interrupt is pen- 
ding in th e SIO . The IEO pin will be forced high 
whenever IACK or IEI goes high. 
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Figure 2 : Conceptual Circuit of the MK68564 SIO Daisy Chaining Logic. 
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DMA INTERFACE 

The SIO is designed to interface to the 68000 fami- 
ly DMA's as a 68000 compatible device, using the 
cycle stea l mode. T h e SIO provides four outputs 
(TxRDYA, RxRDYA, TxRDYB, RxRDYB) for re- 
questing service from the DMA. The SI O issues a 
request for service by pulsing the RDY pin low for 
three clock (CLK) cycles (see figure 4). TxRDY 
(when enabled) will be active when the transmit buff- 
er becomes empty. RxRDY (when enabled) will be 
active when a character is available in the receive 
buffer. If Receive Interrupt On First Character Only 
is enabled during a DMA operati on and a special re- 
ceive condition is detected, the RxRDY pin will not 
become active. Instead, a special receive condition 
interrupt will be generated by the channel. 

RESET 

There are two ways of resetting the SIO : an indivi- 
dual, programmable channel reset and an external 
hardware reset. 

The individual channel reset is generated by writing 
"1 8H" to the Command Register for the channel se- 
lected. All outp uts assoc iated with the ch annel are 
reset high, TxC and RxC are inputs, SYNC is an out- 
put, and TxD is forced marking. All R/W registers for 
the channel are reset to "00H", except the vector re- 
gister and the data register, which are not affected. 

Read only status register 1 is reset to "01 H" (All Sent 
set). Break/Abort, Interrupt Pending, and Rx Cha- 
racter Available bits in read only status register are 
reset ; Underrun/EOM, Hunt/Sync, and Tx Buffer 
Empty are set ; CTS and DCD bits are set to the in- 
verted state of their respective input pins. Any inter- 
rupts pending for the channel are reset (any pen- 
ding interrupts in the other channel will not be affec- 
ted). 

An external hardware reset occurs when the RESET 
pin is driven low for at least one clock (CLK) cycle. 
Both channels are reset as listed above, and the 
vector register is reset to "0FH". 



ARCHITECTURE 

The MK68564 SIO contains two independent, full- 
duplex channels. Each channel contains a transmit- 
ter, receiver, modem control logic, interrupt control 
logic, a baud rate generator, ten Read/Write regis- 
ters, and two read only status registers. Each chan- 
nel can communicate with the bus master using pol- 
ling, interrupts, DMA, or any combination of these 
three techniques. Each channel also has the ability 
to connect the transmitter output into the receiver 
without disturbing any external hardware. 

Register Set. The register set is the heart of each 
channel. A channel is configured for different com- 
munication protocols and interface options by pro- 
gramming the registers. Table 1 lists all the regis- 
ters available in the SIO and their addresses. 

Data Register. The Data Register is composed of 
two separate registers : a write only register, which 
is the Transmit Buffer, and a read only register, 
which is the Receive Buffer. The Receive Buffer is 
also the top register of a three register stack called 
the receive data FIFO. 

Vector Register. The Vector Register is different 
from the other 24 registers, because it may be ac- 
cessed through either Channel A or Channel B du- 
ring a R/W cycle. During an Interrupt Acknowledge 
cycle, the contents of the Vector Register are pas- 
sed to the CPU to be used as a pointer to an inter- 
rupt service routine. If the Status Affects Vector bit 
is Low in the Interrupt Control Register, any data 
written to the Vector Register will be retu rned unmo- 
dified during a Read Cycle or an IACK cycle. If the 
Status Affects Vector bit is High, the low er thre e bits 
of the vector returned during a Read or IACK cycle 
are modified to reflect the highest priority interrupt 
pending in the SIO at that time. The upper five bits 
written to the Vector Register are unaffected. After 
a hardware reset only, this register contains a "0FH" 
value, which is the MK68000's uninitialized interrupt 
vector assignment. 
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Figure 5 : Register Bit Functions. 
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SIO INTERNAL REGISTERS 

The MK68564 SIO has 25 internal registers. Each channel has ten R/W registers and two read only regis- 
ters associated with it. The vector register may be accessed through either channel. 



Table 1 : 


Register Map. 










Address 


Abbreviation 


Channel 


Register Name 


Access 


5 


4 


3 


2 


1 


Read/ 
write 


Read 
Only 






























0. 




























1 
1 
1 
1 






1 
1 
1 

1 






1 
1 
1 
1 






1 
1 
1 
1 





1 

1 




1 

1 




1 
1 




1 
1 




1 
1 




1 
1 




1 
1 




1 
1 




1 



1 



1 



1 



1 



1 



1 



1 



1 



1 



1 



1 



1 



1 



1 



1 


CMDREG 
MODECTL 
INTCTL 
SYNC 1 
SYNC 2 
RCVCTL 
XMTCTL 
STATO 
STAT1 
DATARG 
TCREG 
BRGCTL 
VECTRG 

CMDREG 
MODECTL 
INTCTL 
SYNC 1 
SYNC 2 
RCVCTL 
XMTCTL 
STATO 
STAT 1 
DATARG 
TCREG 
BRGCTL 
VECTRG 


A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 
A/B 

A 

A 

A 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 
A/B 

B 

B 

B 


Command Register 


X 




Mode Control Register 


X 




Interrupt Control Register 


X 




Sync Word Register 1 


X 




Sync Word Register 2 


X 




Receiver Control Register 


X 




Transmitter Control Register 


X 




Status Register 




X 


Status Register 1 




X 


Data Register 


X 




Time Constant Register 


X 




Baud Rate Generator Control Reg 


X 




Interrupt Vector Register (note 2) 


X 




(note 1) 


X 




(note 1) 


X 




(note 1 ) 


X 




Command Register 


X 




Mode Control Register 


X 




Interrupt Control Register 


X 




Sync Word Register 1 


X 




Sync Word Register 2 


X 




Receiver Control Register 


X 




Transmitter Control Register 


X 




Status Register 




X 


Status Register 1 




X 


Data Register 


X 




Time Constant Register 


X 




Baud Rate Generator Control Reg 


X 




Interrupt Vector Register (note 2) 


X 




(note 1) 


X 




(note 1) 


X 




(note 1 ) 


X 
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DATA PATH 

The transmit and receive data paths for each chan- 
nel are shown in figure 6. The receiver has three 
8-bit buffer registers in a FIFO arrangement (to pro- 
vide a 3-byte delay) in addition to the 8-bit receive 
shift register. This arrangement creates additional 
time for the CPU to service an interrupt at the be- 
ginning of a block of high-speed data. The receiver 
error Fl FO stores parity and framing errors and other 
types of status information for each of the three 
bytes in the receive data FIFO. The receive error FI- 
FO is loaded at the same time as the receive data 
FIFO. The contents of the receive error are read 
through the upper four bits in Status Register 1 . 
Incoming data is routed through one of several 
paths, depending on the mode and character length. 
In the Asynchronous modes, serial data is entered 
into the 3-bit buffer, if it has a character length of se- 
ven or eight bits, or the data is entered into the 8-bit 
receive shift register, if it has a length of five or six 
bits. 

In the Synchronous mode, the data path is determi- 
ned by the phase of the receive process currently in 
operation. A Synchronous Receive operation be- 
gins with the receiver in the Hunt phase, during 
which time the receiver searches the incoming da- 
ta stream for a bit pattern that matches the prepro- 
grammed sync characters (or flags in the SDLC 
mode). If the device is programmed for Monosync 
Hunt, a match is made with a single sync character 
stored in Sync Word Register 2. In Bisync Hunt, a 
match is made with the dual sync characters stored 
in Sync Word Registers 1 and 2. In either case, the 
incoming data passes through the receive sync re- 
gister and is compared against the programmed 
sync characters in Sync Word Registers 1 and 2. 
In the Monosync mode, a match between the sync 
character programmed into Sync Word Register 2 
and the character assembled in the receive sync re- 
gister establishes synchronization. 

In the Bysync mode, incoming data is shifted to the 
receive shift register, while the next eight bits of the 
message are assembled in the receive sync regis- 
ter. The match between the assembled character in 
the sync register and the programmed character in 
Sync Word Register 2, and between the character 
in the shift register and the programmed character 
in Sync Word Register 1 establishes synchroniza- 
tion. Once synchronization is established, incoming 
data bypasses the receive sync register and direct- 
ly enters the 3-bit buffer. 

In the SDLC mode, all incoming data passes 
through the receive sync register, which continuous- 
ly monitors the receive data stream and performs 



zero deletion when indicated. Upon receiving five 
contiguous ones, the sixth bit is inspected. If the 
sixth bit is a 0, it is deleted from the data stream. If 
the sixth bit is a 1 , the seventh bit is inspected. If the 
seventh bit is a 0, a Flag sequence has been recei- 
ved ; if the seventh bit is a 1 , an Abort sequence has 
been received. 

The reformatted data from the receive sync register 
enters the 3-bit buffer and is transferred to the re- 
ceive shift register. Note that the SDLC receive ope- 
ration also begins in the Hunt Phase, during which 
time the SIO tries to match the assembled charac- 
ter in the receive sync register with the flag pattern 
in Sync Word Register 2. Once the first flag charac- 
ter is recognized, all subsequent data is routed 
through the path described above, regardless of 
character length. 

Although the same CRC checker is used for both 
SDLC and synchronous data, the path taken for 
each mode is different. In Bisync protocol, the byte- 
oriented operation requires that the CPU decide 
whether or not to include the data character in the 
CRC calculation. To allow the CPU ample time to 
make this decision, the SIO provides an 8-bit delay 
before the data enters the CRC checker. In the 
SDLC mode, no delay is provided, since CRC is cal- 
culated on all data between the opening and closing 
flags. 

The transmitter has an 8-bit transmit data register, 
which is loaded from the internal bus, and a 20-bit 
transmit shift register, which can be loaded from 
Sync Word Register 1 , Sync Word Register 2, and 
the transmit data register. Sync Word Registers 1 
and 2 contain sync characters in the Monosync, Bi- 
sync, or External Sync modes, or address field (one 
character long) and flag, respectively, in the SDLC 
mode. During Synchronous modes, information 
contained in Sync Word Registers 1 and 2 is loaded 
into the transmit shift register at the beginning of the 
message and, as a time filler, in the middle of the 
message if a Transmit Underrun condition occurs. 
In SDLC mode, the flags are loaded into the trans- 
mit shift register at the beginning and end of the 
message. 

Asynchronous data in the transmit shift register is 
formatted with start and stop bits, and it is shifted 
out to the transmit multiplexer at the selected clock 
rate. 

Synchronous (Monosync, Bisync, or External Sync) 
data is shifted out to the transmit multiplexer and al- 
so the CRC generator at the x1 clock rate. 
SDLC/HDLC data is shifted out through the zero in- 
sertion logic, which is disabled while flags are being 
sent. For all other fields (address, control, and frame 
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check), a is inserted following five contiguous ones 
in the data stream. Note that the CRC generator re- 
sult (frame check) for SDLC data is also routed 
through the zero insertion logic. 

I/O CAPABILITIES 

The SIO offers the choice of Polling, Interrupt (vec- 
tored or non-vectored), and DMA Transfer modes 
to transfer data, status, and control information to 
and from the CPU or other bus master. 

Polling. The Polled mode avoids interrupts. Status 
Registers and 1 are updated at appropriate times 
for each function being performed (for example, 
CRC Error status valid at the end of the message). 
All the interrupt modes of the SIO must be 
disabled to operate the device in a polled environ- 
ment. 

While in its Polling sequence, the CPU examines 
the status contained in Status Register for each 
channel. The state of the status bits in Status Re- 
gister serves as an acknowledge to the Poll inqui- 
ry. Status bits DO and D2 indicate that a receive or 
transmit data transfer is needed. The rest of the sta- 
tus bits in Status Register indicate special status 
conditions. The receiver error condition bits in Sta- 
tus Register 1 do not have to be read until the Rx 
Character Available status bit in Status Register 
is set to a one. 

Interrupts. The SIO offers an elaborate interrupt 
scheme to provide fast interrupt response in real- 
time applications. The interrupt vector points to an 
interrupt service routine in the memory. To service 
operations in both channels and to eliminate the ne- 
cessity of writing a status analysis routine (as requi- 
red for a polling scheme), the SIO can modify the in- 
terrupt vector so it points to one of eight interrupt 
service routines. This is done under program control 
by setting the Status Affects Vector bit in the Inter- 
rupt Control Register of channel A or channel B, to 
a one. When this bit is set, the interrupt vector is mo- 
dified according to the assigned priority of the va- 
rious interrupting conditions. 

Note : If the Status Affects Vector bit is set in either 
channel, the vector is modified for both channels. 
This is the only control bit that operates in this man- 
ner in the SIO. 

Transmit interrupts, Receive interrupts, and Exter- 
nal/Status interrupts are the sources of interrupts. 
Each interrupt source is enabled under program 
control with Channel A having a higher priority than 
Channel B, and with Receiver, Transmitter, and Ex- 
ternal/Status interrupts prioritized in that order within 
each channel. When the Transmit interrupt is en- 
abled, the CPU is interrupted by the transmit buffer 
becoming empty. This implies that the transmitter 



must have had a data character written into it so t 
can become empty. When enabled, the receiver can 
interrupt the CPU in one of three ways : 

Interrupt On First Character Only 

Interrupt On All Receive Characters 

Interrupt On A Special Receive Condition. 

Interrupt On First Character Only.This mode is 
normally used to start a software Polling loop or a 
DMA transfer routine using the RxRDY pin. In this 
mode, the SIO generates an interrupt on the first 
character received after this mode is selected and, 
thereafter, only generates an interrupt if a Special 
Receive Condition occurs. The Special Receive 
Conditions that can cause an interrupt in this mode 
are : Rx Overrun Error, Framing Error (in Asynchro- 
nous modes), and End Of Frame (in SDLC mode). 
This mode is reinitialized by the Enable Interrupt On 
Next Rx Character command. If a Special Receive 
Condition interrupt occurs in this interrupt mode, the 
data with the special condition is held in the receive 
data FIFO until an Error Reset Command is issued. 

Interrupt On All Receive Characters. In this mode, 
an interrupt is generated whenever the receive da- 
ta FIFO contains a character or a Special Receive 
Condition occurs. The Special Receive Conditions 
that can cause an interrupt in this mode are : Rx 
Overrun Error, Framing Error (in Asynchronous 
modes), End of Frame (in SDLC mode), and Parity 
Error (if selected). 

Interrupt On A Special Receive Condition. The 

Special Receive Condition interrupt is not, as such, 
a separate interrupt mode. Before a Special Re- 
ceive Condition can cause an interrupt, either the 
Interrupt On First Character Only or Interrupt On All 
Receive Characters mode must be selected. The 
Special Receive Condition interrupt will modify the 
receive interrupt vector if Status Affects Vector is en- 
abled. The Special Receive Condition status is dis- 
played in the upper four bits of Status Register 1 . 
Two of the conditions causing a special receive in- 
terrupt are latched when they occur ; they are : Pa- 
rity Error and Rx Overrun Error. These status bits 
may only be reset by an Error Reset command. 
When either of these conditions occur, a read of Sta- 
tus Register 1 will reflect any errors in the current 
word in the receive buffer plus any parity or overrun 
errors since the last Error Reset command was is- 
sued. 

External/Status Interrupts. The main function of 
the External/Stat us int e rrupt is to monitor the signal 
transitions of the CTS, DCD, and SYNC pins ; ho- 
wever, an External/Status interrupt is also caused 
by a Transmit Underrun condition or by the detec- 
tion of a Break (Asynchronous mode) or Abort 



Si 



SGS-THOMSON 



11/46 



317 



MK68564 



(SDLC mode) sequence in the received data 
stream. When any one of the above conditions oc- 
cur, the external/status logic latches the current 
state of all five input conditions, and generates an 
interrupt. To reinitialize the external/status logic to 
detect another transition, a Reset External/Status 
Interrupts command must be issued. The 
Break/Abort condition allows the SIO to generate an 
interrupt when the Break/Abort sequence is detec- 
ted and terminated. This feature facilitates the pro- 
per termination of the current message, correct ini- 
tialization of the next message, and the accurate ti- 
ming of the Break/Abort condition in externa! logic. 

DMA Transfer 

The SIO provides two output signals per ch annel for 
con nection t o a DMA controller ; they are TxRDY 
and RxRDY. The outputs are enabled under soft- 
ware control by writing to the Interrupt Control Re- 
gister. Both outputs will pulse Low for three system 
clock cy cles when their input conditions are active. 
TxRDY will be a ctive whe n the Transmit Buffer 
becomes empty. RxRDY will be active when a cha- 
racter is available in the Receive Buffer. If a Special 
Receive Condition occurs when Interrupt On First 
Character Only mode is s elected, a receiver inter- 
rupt will be generated and RxRDY will not become 
active. This will automatically inform the CPU of a 
discrepancy in the data transfer. 

Figure 7 : Interrupt Structure. 



SELF TEST 

When the Loop Mode bit is set in the Co mmand Re- 
gister, the receiver shift clock input pin (RxC) and 
the receiver data input pin (RxD) are electrically dis- 
connected from the internal logic. The transmit da- 
ta output pin (TxD) is connected to the internal 
receiv er data logic, and the transmit shift clock pin 
(TxC) is connected to the internal receiver shift clock 
logic. All other features of the SIO are unaffected. 

BAUD RATE GENERATORS 

Each channel in the SIO contains a programmable 
baud rate generator (BRG). Each BRG consists of 
an 8-bit time constant register, an 8-bit down coun- 
ter, a control register, and a flip-flop on the output to 
provide a square wave signal out. In addition to the 
flip-flop on the output, there is also a flip-flop on the 
input clock ; therefore, the maximum output frequen- 
cy of the BRG is one-forth of the input clock frequen- 
cy. This maximum output frequency occurs when 
divide by four mode is selected, and the time 
constant register is loaded with the minimum count 
of "01 H". The equation to determine the output fre- 
quency is : 



Output 
Frequency 



Input Frequency 



(divide by selected) X (time constant 
value in decimal) 



RECEIVE CHARACTER 



PARITY ERROR 

RECEIVE OVfcHHUN fcHKUH 

FRAMING ERROR 

END OF FRAME (SDLC) 



FIRST DATA CHARACTER 

FIRST NON-SYNC CHARACTER (SYNC) 

VALID ADDRESS BYTE (SDLC) 



.SPECIAL RECEIVE 
CONDITION INTERRUPT 



,* INTERRUPT ON ALL 
RECEIVE CHARACTERS 



INTERRUPT ON 
"FIRST CHARACTER - 



RECEIVE 
INTERRUPT 



DCD TRANSITION 
CTS TRANSITION 
SYNC TRANSITION 
Tx OVERRUN/EOM 
BREAK/ ABORT DETECTION 



EXTERNAL STATUS 
INTERRUPT 



SIO 
INTERRUPT 



BUFFER BECOMING EMPTY- 



TRANSMIT INTERRUPT 



V000380 



12/46 



318 



Zfi 



SCS-TS-fOiiSOli 



MK68564 



For example, when the time constant register is loa- 
ded with "01 H" and divide by four is selected, one 
output clock will occur for every four input clocks. If 
the time constant value loaded is "00H" (256 deci- 
mal) instead of "01 H" and divide by 64 is selected, 
one output clock will occur for every 16384 input 
clocks. Note that the minimum count value is "01 H" 
(1 decimal), and the maximum count value is "00H" 
(256 decimal). 

The output of the baud rate generator may be pro- 
grammed to drive the transmitter (BR G output on 
TxC), the receiver (BRG output on RxC), both ( BRG 
output on TxC and RxC), or neither (TxC and RxC 
are inputs). After a reset, the baud rate ge nerat or is 
disab led, divide by four is selected, and TxC and 
RxC are inputs. 

The baud rate generator should be disabled before 
the CPU writes to the time constant register. This is 
necessary because no attempt was made to syn- 
chronize the loading of a new time constant with the 
clock used to drive the BRG. 

Figure 8 indicates the external components needed 
to connect a crystal oscillator to the SIO XTAL in- 
puts. The allowed crystal parameters are also listed. 

For a 3.6864MHz input signal to the baud rate ge- 
nerator, the time constants, listed in table 2, are loa- 
ded to obtain the desired baud rates (in x1 clock 
mode). 

ASYNCHRONOUS OPERATION 

INTRODUCTION 

Many types of Asynchronous operations are perfor- 
med by the MK68564 SIO. Figure 9 represents aty- 
pical Asynchronous message format and some of 
the options available on the SIO. The transmit pro- 
cess inserts start, stop, and parity bits to a variable 
data format and supplies a serial data stream to the 
Transmit Data output (TxD). The receiver takes the 
data from the Receive Data input (RxD) and strips 
away expected start and stop bits at a programmed 
clock rate. It provides error checking for overrun, pa- 
rity, and carrier-loss errors, and, if desired, provides 
interrupts for these conditions. 



To set up the SIO for Asynchronous operation, the 
following registers need to be initialized : Mode 
Control Register, Interrupt Control Register, Recei- 
ver Control Register, and Transmitter Control 
Register. The Mode Control Register must be 
programmed before the other registers to assure 
proper operation of the SIO. The following registers 
are used to transfer data or to communicate status 
between the SIO and the CPU or other bus master 
when operating in Asynchronous modes : Com- 
mand Register, Status Register 0, Status Regis- 
ter 1 , Data Register, and the Vector Register. 



Table 2 : 


Time-Constant Values. 




Rate 


Time Constant 


Divide By 


Error 


19200 


48 


4 




9600 


96 


4 




7200 


128 


4 




4800 


192 


4 




3600 


256 


4 




2400 


24 


64 




2000 


29 


64 


69 % 


1800 


32 


64 




1200 


48 


64 




600 


96 


64 




300 


192 


64 





Figure 8 : SIO External Oscillator Components. 




CRYSTAL PARAMETERS : 

Parallel Resonance, Fundamental Mode AT Cut 

Rs a 150Q(Fr = 2.8 -5.0MHz) 

Rs a 300Q (Fr = 2.0 - 2.7MHz) 

CI = 18pf ; Cm = 0.02pF ; Ch = 5pF ; Lm = 96MHz 

Fr (typ) = 2.457MHz 
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Figure 9 : Asynchronous Message Format. 



ASYNCHRONOUS FORMAT 



MARKING LINE 



V 

s —v 



it 



-H 



ALL TRANSACTIONS - 
OCCUR ON A FALLING EDGE 
OF TxC 



N - 5. 6. 7, OR 8 ' 



MAY BE PRESENT OR . 
NOT. EVEN OR ODD 



MESSAGE FLOW 



STOP MARKING LINE 



-I.IVa, OR 2 BITS 



The SIO provides five I/O lines that may be used for 
modem control, for external interrupts, o r as q ene- 
ral purpose I/O. The R eque st To Send (RTS) and 
Data Terminal Ready (DTR) pins are outputs that 
follow the inverted state of their re spect ive bits in the 
Transmitter Control Register. The RTS pin can also 
be used to signal the end of a message in Asynchro- 
nous modes, as explained below i n the transmitter 
sectio n. The Dat a Carrie r Detect (DCD), Clear To 
Send (CTS), and SYNC pi ns are inputs to the SIO 
in Asynchronous modes. DCD and CTS can be 
used as auto enables to the receiver and transmit- 
ter, respectively, or if External/Status Interrupts are 
enabled all three input pins will be monitored for a 
change of status. If these inputs change for a period 
of time greater than the minimum specified pulse 
width, an interrupt will be generated. 

In the following discussion, all interrupt modes are 
assumed enabled. 

ASYNCHRONOUS TRANSMIT 

Start of Transmission. The SIO will start transmit- 
ting data when the Transmit Enable bit is set to a 
one, and a character has been loaded into the trans- 
mit buffer. If the TxAuto Enables bit is set, t he SIO 
will wait for a Low on the Clear To Send input (CTS) 
before starting data transmission. The Tx Auto En- 
ables feature allows the programmer to send the 
first data chara cter of the message to the SIO wi- 
thout waiting for CTS to go Low. In all cases, the 
Transmit Enable bit must be set b efore transmission 
can begin. The transitions on the CTS pin will gene- 
rate External/Status interrupt requests and also 
latch up the external/status logic. The external/sta- 
tus logic should be rearmed by issuing a Reset Ex- 
ternal/Status Interrupts command. 



Transmit Characteristics. The SIO automatically 
inserts a start bit, the programmed parity bit (odd, 
even, or no parity), and the programmed number of 
stop bits to the data character to be transmitted. The 
transmitter can transmit from one to eight data bits 
per character. All characters are transmitted least- 
significant bit first. When the character length pro- 
grammed is six or seven bits, the unused bits of the 
transmit buffer are automatically ignored. When a 
character length of five bits or less is programmed, 
the data loaded into the transmit buffer must be for- 
matted as described in the Transmitter Control Re- 
gister part of the Register Description section. Se- 
rial data is shifted out of the TxD pin on the falling 
edge of the Transmit Clock (TxC) at a rate equal to 
1,1/1 6th, 1/32nd, or 1 /64th of TxC. 

Data Transfer. The SIO will signal the CPU or other 
bus master with a transmit interrupt request and set 
the Tx Buffer Empty bit in Status Register 0, every 
time the contents of the transmit buffer are loaded 
into the transmit shift register. The interrupt request 
will be cleared when a new character is loaded into 
the transmit buffer, or a Reset Tx Interrupt Pending 
command (Command 5) is issued. If Command 5 is 
issued, the transmit buffer will have to be loaded be- 
fore any additional transmit interrupt requests are 
generated. The Tx Buffer Empty bit is reset when a 
new character is loaded into the transmit buffer. 

The All Sent bit in Status Register 1 is used to indi- 
cate when all data in the shift register has been 
transmitted, and the transmit buffer is empty. This 
bit is Low, while the transmitter is sending charac- 
ters, and it will go High one bit time after the trans- 
mit clock that clocks out the last stop bit of the cha- 
racter on the TxD pin. No interrupts are generated 
by the All Sent bit transitions. The Request To Send 
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(RTS) bit in the Transmitter Control Register may al- 
so be used to signal the end of transmission. If this 
bit is set to a one, its associated output pin ( RTS) 
will go Low. When this bit is reset to a zero, the RTS 
pin will go High one bit time after the transmit clock 
that clocks out the last stop bit, only if the transmit 
buffer is empty. 

The Transmit Data output (TxD) is held marking 
(High) after a reset or when the transmitter has no 
data to send. Under program control, the Send 
Break command can be issued to hold TxD spacing 
(Low) until the command is cleared, even if the 
transmitter is not enabled. 

ASYNCHRONOUS RECEIVE 

Asynchronous operation begins when the Receiver 
Enable bit in the Receiver Control Register is set to 
a one. If the Rx Au to Ena bles bit is also set, the Da- 
ta Carrier Detect (DCD) input pin must be Low as 
well. The receiver will start assembling a character 
as soon as a valid start bit is detected, if a clock 
mode other than x1 is selected. A valid start bit is a 
High-to-Low transition on the Receive Data input 
(RxD) with the Low time lasting at least one-half bit 
time. The High-to-Low transition starts an internal 
counter and, at mid-bit time, the counter output is 
used to sample the input signal to detect if it is still 
Low. When this condition is satisfied, the following 
data bits are sampled at mid-bit time until the entire 
character is assembled. The start bit detection logic 
is then rearmed to detect the next High-to-Low 
transition. If the x1 clock mode is selected, the start 
bit detection logic is disabled, and bit synchroniza- 
tion must be accomplished externally. Receive da- 
ta is s ample d on the rising edge of the Receiver 
Clock (RxC). 

The receiver may be programmed to assemble five 
to eight data bits, plus a parity bit, into a character. 
The character is right-justified in the shift register 
and then transferred to the receive data FIFO. All 
data transfers to the FIFO are in eight-bit groups. If 
the character length assembled is less than eight 
bits, the receiver inserts ones in the unused bits. If 
parity is enabled, the parity bit is transferred with the 
character, unless eight bits per character is pro- 
grammed, in which case, the parity bit is stripped 
from the character before transfer. 

A Receiver Interrupt request is generated every time 
a character is shifted to the top of the receive data 
FIFO, if Interrupt On All Receive Characters mode 
is selected. The Rx Character Available bit in Sta- 
tus Register is also set to a one every time a cha- 
racter is shifted to the top of the receive data FIFO. 



The Rx Character Available bit is reset to a zero 
when the receive buffer is read. 

After a character is received, it is checked for the fol- 
lowing error conditions : 

Parity Error. If parity is enabled, the Parity Error bit 
in Status Register 1 is set to a one whenever the pa- 
rity bit of the received character does not match the 
programmed parity. Once this bit is set, it remains 
set (latched), until an Error Reset command (Com- 
mand 6) is issued. A Special Receive Condition in- 
terrupt is generated when this bit is set, if parity is 
programmed as a Special Receive Condition. 

Framing Error. The CRC/Framing Error bit in Sta- 
tus Register 1 is set to a one, if the character is as- 
sembled without a stop bit (a Low level detected ins- 
tead of a stop bit). This bit is set only for the charac- 
ter on which the framing error occurred ; it is upda- 
ted at every character time. Detection of a framing 
error adds an additional one-half of a bit time to the 
character time, so the framing error is not interpre- 
ted as a new start bit. A Special Receive Condition 
interrupt is generated when this bit is set- 
Overrun Error. If four or more characters are recei- 
ved before the CPU (or other bus master) reads the 
receive buffer, the fourth character assembled will 
replace the third character in the receive data FIFO. 
If more than four characters have been received, the 
last character assembled will replace the third cha- 
racter in the data FIFO. The character that has been 
written over is flagged with an overrun error in the 
error FIFO. 

When this character is shifted to the top of the re- 
ceive data FIFO, the Receive Overrun Error bit in 
Status Register 1 is set to a one ; the error bit is lat- 
ched in the status register, and a Special Receive 
Condition interrupt is generated. Like Parity Error, 
this bit can only be reset by an Error Reset Com- 
mand. 

Break Condition. A break character is defined as 
a start bit, an all zero data word, and a zero in place 
of the stop bit. When a break character is detected 
in the receive data stream, the Break/Abort bit in 
Status Register is set to a one, and an Exter- 
nal/Status interrupt is requested. This interrupt is 
then followed by a Framing Error interrupt request 
when the CRC/Framing Error bit in Status Register 
1 is set. A Reset External/Status Interrupts com- 
mand (Command 2) should be issued to reinitialize 
the break detection interrupt logic. The receiver will 
monitor the data stream input for the termination of 
the break sequence. When this condition is detec- 
ted, the Break/Abort bit will be reset, if Command 2 
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has been issued, and another External/Status inter- 
rupt request will be generated. This interrupt should 
also be handled by issuing Command 2 to reinitia- 
lize the external/status logic. At the end of the break 
sequence, a single null character will be left in the 
receive data FIFO. This character should be read 
and discarded. 

Because Parity Error and Receive Overrun Error 
flags are latched, the error status that is read from 
Status Register 1 reflects an error in the current 
word in the receive data FIFO, plus any parity or 
overrun errors received since the last Error Reset 
command. To keep correspondence between the 
state of the error FIFO and the contents of the re- 
ceive data FIFO, Status Register 1 should be read 
before the receive buffer. If the status is read after 
the data and more than one character is stacked in 
the data FIFO during the read of the receive buffer, 
the status flags read will be for the next word. Keep 
in mind that when a character is shifted up to the top 
of the data FIFO (the receive buffer), its error flags 
are shifted into Status Register 1 

.An exception to the normal flow of data through the 
receive data FIFO occurs when the Receive Inter- 
rupt On First Character Only mode is selected. A 
Special Receive Condition interrupt in this mode 
holds the error data, and the character itself (even 
if read from the data FIFO) until the Error Reset com- 
mand (command 6) is issued. This prevents further 
data from becoming available in the receiver, until 
Command 6 is issued, and allows CPU intervention 
on the character with the error even if DMA or block 
transfer techniques are being used. 

SYNCHRONOUS OPERATION 

INTRODUCTION 

Before describing byte-oriented, synchronous 
transmission and reception, the three types of cha- 
racter synchronization - Monosync, Bysync, and Ex- 
ternal Sync - require some explanation. These 
modes use the x1 clock for both Transmit and Re- 
ceive operations. Data is sa mpled on the rising edge 
of the Receive Clock input (RxC). Transmitter data 
transitions occur on the falling edge of the Transmit 
Clock input (TxC). 

The differences between Monosync, Bisync, and 
External Sync are in the manner in which initial re- 
ceive character synchronization is achieved. The 
mode of operation must be selected before sync 
characters are loaded, because the registers are 
used differently in the various modes. Figure 10 
shows the formats for all three synchronous modes. 

MONOSYNC. In the Monosync mode (8-bit sync 



mode), the transmitter transmits the sync character 
in Sync Word Register 1 . The receiver compares the 
single sync character with the programmed sync 
character stored in Sync Word Register 2. A match 
implies characte r synch ronization and enables da- 
ta transfer. The SYNC pin is used as an output in 
this mode and is active for the part of the receive 
clock that detects the sync character. 

BISYNC. In the Bisync mode (16-bit sync mode), 
the transmitter transmits the sync character in Sync 
Word Register 1 followed by the sync character in 
Sync Word Register 2. The receiver compares the 
two contiguous sync characters with the program- 
med sync characters stored in Sync Word Registers 
1 and 2. A match implies char acter sy nchronization 
and enables data transfer. The SYNC pin is used as 
an output in this mode and is active for the part of 
the receive clock that detects the sync characters. 

Externa! Sync. In the External Sync mode, the 
transmitter transmits the sync character in Sync 
Word Register 1 . Character synchroni zation f or the 
receiver is established externally. The SYNC pin is 
an input that indicates that external character syn- 
chronization has been achieved. After the sync pat- 
tern is detected, the external logic must wait for t wo 
full Receive Clock cycles t o activ ate the SYNC in- 
put pin (see figure 11). The SYNC input pin must be 
held Low until character synchronization is lost. 
Character assembly begins on the rising edge of the 
Receiv e Clock that precedes the falling edge of the 
SYNC input pin. 

In all cases, after a reset (hardware or software), the 
receiver is in the Hunt phase, during which time the 
SIO looks for character synchronization. The Hunt 
phase can begin only when the receiver is enabled, 
and data transfer can begin only when character 
synchronization has been achieved. If character 
synchronization is lost, the Hunt phase can be re- 
entered by setting the Enter Hunt Mode bit in the 
Receiver Control Register. In the transmit mode, the 
transmitter always sends the programmed number 
of sync bits (8 or 1 6), regardless of the bits per cha- 
racter programmed. 

In the Monosync, Bisync, and External Sync modes, 
assembly of received data continues until the SIO 
is reset, or until t he receiver is disabled (by com- 
mand or the DCD pin in the Rx Auto Enables mode), 
or until the CPU sets the Enter Hunt Mode bit. 
After initial synchronization has been achieved, the 
operation of the Monosync, Bisync, and External 
Sync modes is quite similar. Any differences are 
specified in the following text. 

To set up the SIO for Synchronous operations, the 
following registers need to be initialized : Mode 
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Control Register, Interrupt Control Register, Recei- 
ver Control Register, Transmitter Control Register, 
Sync Word 1 , and Sync Word 2. The Mode Control 
Register must be programmed before other regis- 
ters to assure proper operation of the SIO. The fol- 
lowing registers are used to transfer data or 
communicate status between the SIO and the CPU 
or other bus master : Command Register, Status 
Register 0, Status Register 1 , Data Register, and 
the Vector Register. 

The SIO provides four I/O lines in Synchronous 
modes that may be used for modem control, for ex- 
ternal interrupts, or as general purpose I/O. The Re- 
quest To Send (RTS) and Data Terminal Ready 
(DTR) pins are outputs that follow the inverted state 
of their respective bits in the Tr ansm it Control Re- 
gister. The Data Carrier Detect (DCD) and Clear To 
Send (CTS) pins are inputs that can be used as auto 
enables to the receiver and transmitter, respective- 
ly. If Ext ernal/ Status Interrupts are enabled, the 
DCD and CTS pins will be monitored for a change 
of status. If these inputs change for a period of time 
greater than the minimum specified pulse width, an 
interrupt will be generated. 

In the following discussion, all interrupt modes are 
assumed enabled. 

SYNCHRONOUS TRANSMIT 

Initialization. Byte-oriented transmitter programs 
are usually initialized with the following parameters : 

Figure 10 : Synchronous Formats. 



odd-even or no parity, x1 clock mode, 8- or 16-bit 
sync character(s), CRC polynomial, Transmit En- 
ables, interrupt modes, and transmit character 
length. If Parity is enabled, the transmitter will only 
add a parity bit to a character that is loaded into the 
transmit buffer ; it will not add a parity bit to the auto- 
matically inserted synccharacter(s) or the CRC cha- 
racters. 

One of two polynomials may be used with Synchro- 
nous modes, CRC-1 6 (X 16 + X 15 + X 2 + 1)orSDLC- 
CRC (X 16 + X 12 + X 5 + 1). For either polynomial 
(SDLC mode not selected), the CRC generator and 
checker are reset to all zeros. Both the receiver and 
transmitter use the same polynomial. 

After reset (hardware or software), or when the 
transmitter is not enabled, the Transmit Data (TxD) 
output pin is held High (marking). Under program 
control, the Send Break bit in the Transmitter Control 
Register can be set to a one, forcing the TxD output 
pin to a Low level (spacing), even if the transmitter 
is not enabled. The spacing condition will persist un- 
til the Send Break bit is reset to a zero. A program- 
med break is effective as soon as it is written into 
the Transmit Control Register ; any characters in the 
transmit buffer and transmit shift register are lost. 

If the transmit buffer is empty when the Transmit En- 
able bit is set to a one, the transmitter will start sen- 
ding 8- or 1 6-bit sync characters. Continuous syncs 
will be transmitted on the TxD output pin, as long as 
no data is loaded into the transmit buffer. Note, if a 
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character is loaded into the transmit buffer before 
enabling the transmitter, that character will be sent 
in place of the sync character(s). 

Start of Transmission. Transmission will begin 
with the loading of the first data character into the 
transmit buffer, if the transmitter is already enabled. 
For CRC to be calculated correctly on each mes- 
sage, the CRC generator must be reset to all zeros 
before the first data character is loaded into the 
transmit buffer. This is accomplished by issuing a 
Reset Tx CRC Generator command in the Com- 
mand Register. 

Synchronous Transmit Characteristics. In all 

Synchronous modes, characters are sent with the 
least-significant bits first. All data is shifted out of the 
Transmit Data p in (T xD) on the falling edge of the 
Transmit Clock (TxC). The transmitter can transmit 
from one to eight data bits per character. This re- 
quires right-hand justification of data written to the 
transmit buffer, if the selected word length is less 
than eight bits per character. When the programmed 

Figure 11a : External Sync Timing. 



character length is six or seven bits, the unused bits 
in the transmit buffer are ignored. If a word length of 
five bits per character or less is selected, the data 
loaded into the transmit buffer must be formatted as 
described in the Transmit Control register part of the 
Register Description section. 

The number of bits per character to be transmitted 
can be changed on the fly. Any data written to the 
transmit buffer, after the bits per character field is 
changed, are affected by the change. The same is 
true of any characters in the buffer at the time the 
bits per character field is changed. The change in 
the number of bits per character does not affect the 
character in the process of being shifted out. 

A transmitted message can be terminated by CRC 
and sync characters, by sync characters only, or by 
pad characters (replacing the sync character(s) in 
the Sync Word Registers with pad characters). How 
a message is terminated is controlled by the Tx Un- 
derrun/EOM latch in Status Register 0. 
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Data Transfer. A Transmit Interrupt is generated 
each time the transmit buffer becomes empty. The 
interrupt may be satisfied either by writing another 
character into the transmit buffer or by resetting the 
Transmit Interrupt Pending latch with a Reset Tx In- 
terrupt Pending command. If the interrupt is satis- 
fied with this command, and nothing more is written 
into the transmit buffer, there can be no further 
Transmit Interrupts due to a Buffer Empty condition, 
because it is the process of the buffer becoming 
empty that causes the interrupts. This situation does 
cause a Transmit Underrun condition when the da- 
ta in the shift register is shifted out. 

Another way of detecting when the transmitter re- 
quires service is to poll the Tx Buffer Empty bit in 
Status Register 0. This bit is set to a one every time 
the data in the transmit buffer is downloaded into the 
transmit shift register. When data is written to the 
transmit buffer, this bit is reset to zero. 

The SIO has all the signals and controls necessary 
to implement a DMA transfer routine for the trans- 
mitter. The routine may be configured to enable the 
DMA controller, after the first character is writte n to 
the transmit buffer, and then using the TxRDY out- 
put pin to signal the DMA that the transmitter re- 
quires service. If a data character is not loaded into 
the transmit buffer by the time the transmit shift re- 
gister is empty, the SIO enters the Transmit Under- 
run condition. 

Transmit Underrun/End of Message. When the 
transmitter has no further data to transmit, the SIO 
inserts filler characters to maintain synchronization. 
The SIO has two programmable options for handling 
this situation : sync characters can be inserted, or 
the CRC characters generated so far can be sent, 
followed by sync characters. These options are con- 
trolled by the state of the Transmit Underrun/EOM 
Latch in Status Register 0. 

Following a hardware or software reset, the Trans- 
mit Underrun/EOM Latch is set to a one. This allows 
sync characters to be inserted when there is no da- 
ta to send. CRC is not calculated on the automati- 
cally inserted sync characters. To allow CRC 
characters to be sent when the transmitter has no 
data, the Transmit Underrun/EOM Latch must be re- 
set to zero. This latch is reset by issuing a Reset Tx 
Underrun/EOM Latch command in the Command 
Register. Following the CRC characters, the SIO 
sends sync characters to terminate the message. 

There is no restriction as to when, in the message, 
the Transmit Underrun/EOM Latch can be reset, but 
once the reset command is issued, the 16-bit CRC 
is sent and followed by sync characters the first time 



the transmitter has no data to send. A Transmit Un- 
derrun condition will cause an External/Status Inter- 
rupt to be generated whenever the Transmit Under- 
run/EOM Latch is set. 

For sync character insertion only, at the termination 
of a message, a Transmit Interrupt is generated on- 
ly after the first automatically inserted sync charac- 
ter is loaded into the transmit shift register. The sta- 
tus bits in Status Register indicate that the Trans- 
mit Underrun/EOM Latch and the Tx Buffer Empty 
bit are set. 

For CRC insertion, followed by sync characters, at 
the termination of a message, the Transmit Under- 
run/EOM Latch is set, and the Tx Buffer Empty bit 
is reset while the CRC characters are being sent. 
When the CRC characters are completely transmit- 
ted, the Tx Buffer Empty status bit is set, and a 
Transmit Interrupt is generated, indicating to the 
CPU that another message can begin. This Trans- 
mit Interrupt occurs when the first sync character 
following the CRC characters is loaded into the 
transmit shift register. If no more messages are to 
be transmitted, the program can terminate transmis- 
sion by disabling the transmitter. 

CRC Generation. Setting the Tx CRC Enable bit in 
the Transmit Control Register initiates CRC accu- 
mulation when the program sends the first data cha- 
racter to the SIO. To ensure CRC is calculated 
correctly on each message, the Reset Tx CRC Ge- 
nerator command should be issued before the first 
data character of the message is sent to the SIO. 

The Tx CRC Enable bit can be changed on the fly 
at any point in the message to include or exclude a 
particular data character from CRC accumulation. 
The Tx CRC Enable bit should be in the desired 
state when the data character is loaded from the 
transmit data buffer into the transmit shift register. 
To ensure this bit is in the proper state, the Tx CRC 
Enable bit should be loaded before sending the da- 
ta character to the SIO. 

Transmit Termination. The SIO is equipped with a 
special termination feature that maintains data inte- 
grity and validity. If the transmitter is disabled (by re- 
setting the Transmit Enable bit or using the Tx Auto 
Enable signal) while a data or sync character is 
being transmitted, the character is transmitted as 
usual but is followed by a marking line instead of 
sync or CRC characters. When the transmitter is di- 
sabled, a character in the transmit buffer remains in 
the buffer. If the transmitter is disabled while CRC 
characters are being transmitted, the 16-bit trans- 
mission is completed, but the remaining bits of the 
CRC characters are replaced by sync characters. 
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Bisync Protocol Transmission. In a Bisync Pro- 
tocol operation, once synchronization is achieved 
between the transmitter and receiver, fill characters 
are inserted to maintain that synchronization when 
the transmitter has no more data to send. The diffe- 
rent options available in the SIO are described in the 
Transmit Underrun/End Of Message part of this sec- 
tion. If pad characters are to be sent in place of sync 
characters following the transmission of the CRC, 
the program can set the SIO transmitter to eight bits 
per character and then load "FFH" to the transmit 
buffer while the CRC characters are being sent. Al- 
ternatively, the sync characters in Sync Word Re- 
gisters 1 and 2 can be redefined to be pad charac- 
ters during this time. The following example is inclu- 
ded to clarify this point : 

The SIO interrupts the CPU with a Transmit Inter- 
rupt when the Tx Buffer Empty bit is set. 

The CPU recognizes that the last character (ETX) 
of the message has already been sent to the SIO 
transmit buffer by examining the internal program 
status. 

To force the SIO to send CRC, the CPU issues the 
Reset Tx Underrun/EOM Latch command and 
clears the current Transmit Interrupt with the Reset 
Tx Interrupt Pending command. Resetting the inter- 
rupt with this command prevents the SIO from re- 
questing more data. The SIO then begins to send 
CRC (because the transmitter is in an underrun 
condition) and sets the Transmit Underrun/EOM 
Latch, which causes an External/Status Interrupt. 

The CPU satisfies the External/Status Interrupt by 
loading pad characters into the transmit buffer and 
clears the interrupt by issuing the Reset Exter- 
nal/Status Interrupt command. 

The pad character will follow the CRC characters in 
this sequence, instead of the usual sync characters. 
A Transmit Interrupt is generated when the pad cha- 
racter is loaded into the transmit shift register. 

From this point on, the CPU can send more pad cha- 
racters or sync characters. 

The transparent mode of operation in Bisync Proto- 
col is made possible with the SIO's ability to change 
the Tx CRC Enable bit at any time during program 
sequencing and with the additional capability of in- 
serting 16-bit sync characters. Exclusion of DLE 
(Data Link Escape) characters from CRC calcula- 
tion can be achieved by disabling CRC calculations 
immediately preceding the DLE character transfer 
to the transmit buffer. In the case of a transmit un- 
derrun condition in the transparent mode, a pair of 
DLE-SYN characters is sent. The SIO can be pro- 
grammed to send the DLE-SYNC sequence by loa- 



ding a DLE character into Sync Word Register 1 and 
a SYNC character into Sync Word Register 2. 

The SIO always transmits two sync characters (1 6 
bits) in Bisync mode. If additional sync characters 
are to be transmitted before a message, the CPU 
can delay loading data to the transmit buffer until the 
required number of syncs have been sent. No CRC 
calculations are done on any automatically inserted 
sync characters. An alternate method of sending 
additional sync characters is to load the sync cha- 
racters into the transmit buffer, in which case the 
transmitter will treat the characters as data. The Tx 
CRC Enable bit should not be set, until true data is 
going to be loaded into the buffer, to avoid perfor- 
ming CRC calculations on the additional sync cha- 
racters. 

SYNCHRONOUS RECEIVE 

Initialization. Byte-oriented receive programs are 
usually initialized with the following parameters : 
odd-even or no parity, x1 clock mode (necessary be- 
cause of the start bit detection logic), 8- or 16-bit 
sync character(s), CRC polynomial, Receiver En- 
ables, interrupt modes, and receive character 
length. Care must be taken if Parity is enabled. The 
receiver will usually detect a Parity Error on all sync 
characters, after synchronization is achieved, and 
on the CRC characters. 

Receiver Hunt Mode. After the SIO is initialized for 
a Synchronous receive operation, the receiver is in 
the Hunt phase. During the Hunt phase, the recei- 
ver does a bit-by-bit comparison of the incoming da- 
ta stream and the sync character(s) stored in the 
Sync Word Register 2 (for Monosync mode) and 
Sync Word Registers 1 and 2 (for Bisync mode). 
When a match occurs, the Hunt phase is termina- 
ted, and the following data bits are assembled into 
the programmed character length and loaded into 
the receive data FIFO. 

Receive Characteristics. The receiver may be pro- 
grammed to assemble five to eight data bits into a 
character. The character is right-justified in the shift 
register and transferred to the receive data FIFO. All 
data transfers to the FIFO are in 8-bit groups. When 
the programmed character length is less than eight 
bits, the most significant bit(s) transferred with a 
character will be the least significant bit(s) of the next 
character. The programmed character length may 
be changed on the fly during a message ; however, 
care must be taken to assure that the change is ef- 
fective before the number of bits specified for the 
character length have been assembled. 
When the Sync Character Load Inhibit bit in the Re- 
ceiver Control Register is set, all characters in the 
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receive data stream that match the byte loaded in- 
to Sync Word Register 1 will be inhibited from loa- 
ding into the receive data FIFO. The comparison be- 
tween Sync Word Register 1 and the incoming da- 
ta occurs at a character boundary time. This is an 
8-bit comparison, regardless of the bits per charac- 
ter programmed. CRC calculations will be perfor- 
med on all bytes, even if the characters are not 
transferred to the receive data FIFO, as long as the 
Rx CRC Enable bit is set. 

Data Transfer and Status Monitiring. After cha- 
racter synchronization is achieved, the assembled 
characters are transferred to the receive data FIFO, 
and the status information for each character is 
transferred to the receive error FIFO. The following 
four modes are available to transferthe received da- 
ta and its associated status to the CPU. 

No Receive Interrupts Enabled. This mode is used 
either for polling operations or for off-line conditions. 
When transferring data, using a polling routine, the 
Rx Character Available bit in Status Register 
should be checked to determine if a receive charac- 
ter is available for transfer. Only when a character 
is available should the receive buffer and Status Re- 
gister 1 be read. The Rx Character Available bit is 
set when a character is loaded to the top of the re- 
ceive data FIFO. This bit is reset during a read of 
the receive buffer. 

Interrupt On First Character Only. This interrupt 
mode is normally used to start a DMA transfer rou- 
tine or, in some cases, a polling loop. The SIO will 
generate an interrupt the first time a character is shif- 
ted to the top of the receive data FIFO after this 
mode is selected or reinitialized. An interrupt will be 
generated thereafter only if a Special Receive 
Condition is detected. This mode is reinitialized with 
the Enable Interrupt On Next Receive Character 
command. Parity Errors do not cause interrupts in 
this mode ; however, a Receive Overrun Error will. 

Interrupt On Every Character. This interrupt mode 
will generate a Receiver Interrupt every time a cha- 
racter is shifted to the top of the receive data FIFO. 
A Special Receive Condition interrupt on a parity er- 
ror is optional in this mode. 

Special Receive Condition Interrupt. The special 
condition interrupt mode is not an interrupt mode as 
such, but works in conjunction with Interrupt On Eve- 
ry Character or Interrupt On First Character Only 
modes. When the Status Affects Vector bit in either 
channel is set, a Special Receive condition will mo- 
dify the Receive Interrupt vector to signal the CPU 
of the special condition. Receive Overrun Error and 
Parity Error are the only Special Receive Conditions 
in Synchronous receive mode. The overrun and pa- 



rity error status bits in Status Register 1 are latched 
when they occur ; they will remain latched until an 
Error Reset command is issued. As long as either 
one of these bits is set, a Special Receive Condition 
Interrupt will be generated at every character avai- 
lable time. Since these two status bits are latched, 
the error status in Status Register 1 , when read, will 
reflect an error in the current word in the receive buff- 
er, in addition to any Parity or Overrun errors recei- 
ved since the last Error Reset command. 

CRC Error Checking and Receiver Message Ter- 
mination. A CRC error check on the received 
message can be performed on a per character 
basis under program control. The Rx CRC En- 
able bit must set/reset by the program before 
the next character is transferred from the receive 
shift register to the receive data FIFO. This ensures 
proper inclusion or exclusion of data characters in 
the CRC check. 

There is an 8-bit delay between the time a charac- 
ter is transferred to the receive data FIFO and the 
time the same character starts to enter the CRC 
checker. An additional 8-bit times are needed to per- 
form CRC calculations on the character. Due to this 
serial nature of CRC calculations, the Receive Clock 
(RxC) must cycle 16 times after the second CRC 
character has been loaded into the receive da- 
ta FIFO or 20 times (the previous 1 6 plus 3-bit 
buffer delay and 1 -bit input delay) after the last bit 
is at the RxD input, before CRC calculation is 
complete. The CRC Framing Error bit in Status 
Register 1 will contain the comparison results of the 
CRC checker. The comparison results should be 
zero, indicating error-free transmission. The results 
in the status bit are valid only at the end of 
CRC calculation. If the result is examined before this 
time, it usually indicates an error (the bit is High). 
The comparison is made at each character availa- 
ble time and is valid until the character is read from 
the receive data FIFO. 

SDLC/HDLC OPERATION 

INTRODUCTION 

The MK68564 SIO is capable of handling both High- 
level Synchronous Data Link Control (HDLC) and 
IBM Synchronous Data Link Control (SDLC) proto- 
cols. In the following discussion, only SDLC is refe- 
renced because of the high degree of similarity 
between SDLC and HDLC. 

The SDLC mode is considerably different from 
Monosync and Bisync protocols, because it is bit 
oriented rather than character oriented. Bit orienta- 
tion makes SDLC a flexible protocol in terms of mes- 
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Figure 12 : Transmit/Receive SDLC/HDLC Message Format. 
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sage length and bit patterns. The SIO has several 
built-in features to handle variable message length. 
Detailed information concerning SDLC protocol can 
be found in literature on this subject, such as IBM 
document GA27-3093. 

The SDLC message, called the frame (figure 12), is 
opened and closed by flags, which are similar to the 
sync characters used in other Synchronous proto- 
cols. The SIO handles the transmission and reco- 
gnition of the flag characters that mark the begin- 
ning and end of the frame. Note that the SIO can re- 
ceive shared-zero flags but cannot transmit them. 
The 8-bit address field of a SDLC frame contains 
the secondary station address. The SIO receiver 
has an Address Search mode, which recognizes the 
secondary station so that it can accept or reject a 
frame. 

The control field of the SDLC frame is transparent 
to the SIO ; it is simply transferred to the CPU. The 
SIO handles the Frame Check sequence in a man- 
ner that simplifies the program by incorporating fea- 
tures such as initializing the CRC generator to all 
ones, resetting the CRC checker when the opening 
flag is detected in the receive mode, and sending 
the Frame Check/Flag sequence in the transmit 
mode. Controller hardware is simplified by automa- 
tic zero insertion and deletion logic, contained in the 
SIO. 

To set up the SIO for SDLC operation, the following 
registers need to be initialized : Mode Control Re- 
gister, Interrupt Control Register, Receiver Control 
Register, Transmitter Control Register, Sync Word 
Register 1 , and Sync Word Register 2. The Mode 
Control Register must be programmed before the 
other registers to assure proper operation of the 
SIO. The following registers are used to transfer da- 
ta or communicate status between the SIO and the 
CPU or other bus master when operating in SDLC 
mode : Command Register, Status Register 0, Sta- 
tus Register 1 , Data Register, and the Vector Re- 
gister. 

Sync Word Register 1 contains the secondary sta- 



tion address, and Sync Word Register 2 stores the 
flag character and must be programmed to 
"01111110". 

The SIO provides four I/O lines in SDLC mode that 
may be used for modem control, for external inter- 
rupts, or as general purpose I/O. The Request To 
Send (RTS) and Data Terminal Ready (DTR) pins 
are outputs that follow the inverted state of their res- 
pective bits in the Transmit Control Register. The 
Data Carrier Detect (DCD) and Clear To Send 
(CTS) pins are inputs that can be used as auto en- 
ables to the receiver and transmitter, respectively. 
If External/Status Interrupts are enabled, the DCD 
and CTS pins will be monitored for a change of sta- 
tus. If these inputs change for a period of time grea- 
ter than the minimum specified pulse width, an in- 
terrupt will be generated. 

In the following discussion, all interrupt modes are 
assumed enabled. 

SDLC TRANSMIT 

Initialization. The SIO is initialized for SDLC mode 
by selecting these parameters in the Mode Control 
Register : x1 Clock Mode, SDLC Mode, and Sync 
Modes Enabled. Parity is normally not used in SDLC 
mode, because the transmitter will not add parity to 
the flag character or the CRC characters, thus cau- 
sing Parity Errors in the receiver. If CRC is to be cal- 
culated on the transmitted data, the SDLC-CRC 
polynomial must be selected in the Interrupt Control 
Register (CRC-1 6 polynomial in SDLC Mode will 
produce unknown results). 

After reset (hardware or software), or when the 
transmitter is not enabled, the Transmit Data (TxD) 
output pin is held High (marking). Under program 
control, the Send Break bit in the Transmit Control 
Register can be set to a one, forcing the TxD output 
to a Low level (spacing), even if the transmitter is 
not enabled. The spacing condition will persist until 
the Send Break bit is reset to a zero. If the transmit 
buffer is empty when the Transmit Enable bit is set 
to a one, the transmitter will start sending flag cha- 
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racters. Continuous flags will be transmitted on the 
TxD output pin as long as no data is loaded into the 
transmit buffer. 

Note : If a character is loaded into the transmit buf- 
fer before enabling the transmitter, that character 
will be sent in place of a flag. 

An abort sequence may be transmitted at any time 
by issuing the Send Abort command (command 1). 
This causes at least eight, but less than fourteen, 
ones to be sent before the output reverts back to 
continuous flags. It is possible that the Abort se- 
quence (eight 1 's) could follow up to five continuous 
ones (allowed by the zero insertion logic) and, thus, 
cause as many as thirteen ones to be sent. Any da- 
ta being transmitted and any data in the transmit 
buffer is lost when an abort is issued. 

The zero insertion logic in the transmitter will auto- 
matically insert a after five continuous ones in the 
data stream. This does not apply to flags or aborts. 

Start of Transmission. Transmission will begin 
with the loading of the first character into the trans- 
mit buffer if the transmitter is already enabled. For 
CRC to be calculated correctly on each frame, the 
CRC generator must be initialized to all ones before 
the first character is loaded. This is accomplished 
by issuing a Reset TxCRC Generator command 
in the Command Register. The first non-flag charac- 
ter transmitted is the address field. The SIO does 
not automatically transmit a station address, this is 
left to the programmer. The SIO will only transmit 
flags and CRC characters automatically. 

SDLC Transmit Characteristics. Any length SDLC 
frame can be transmitted. All characters are trans- 
mitted with the least-significant bit s first. All data is 
shifted out of the Transmit Dat a pin (T xD) on the fal- 
ling edge of the Transmit Clock (TxC). The transmit- 
ter transmit from one to eight data bits per charac- 
ter. This requires right-hand justification of data writ- 
ten to the transmit buffer, if the word length selec- 
ted is less than eight bits per character. When the 
programmed character length is six or seven bits, 
the unused bits in the transmit buffer are ignored. If 
a word length of five bits per character or less is se- 
lected, the data loaded into the transmit buffer must 
be formatted as described in the Transmit Control 
Register part of the Register Description section. 

The number of bits per character to be transmitted 
can be changed on the fly. Any data, written to the 
transmit buffer after the bits per character field is 
changed, are affected by the change. The same is 
true of any characters in the buffer at the time the 



bits per character field is changed. The change in 
the number of bits per character does not affect the 
character in the process of being shifted out. Flag 
characters are always eigth bits in length, and CRC 
is always 16 bits in length, regardless of the pro- 
grammed bits per character. A transmitted frame 
can be terminated by CRC and a flag, by a flag on- 
ly, or by an abort. This is controlled by the Tx Un- 
derrun/EOM Latch and the Send Abort command. 

Data Transfers. A Transmit Interrupt is generated 
each time the transmit buffer becomes empty. The 
interrupt may be satisfied either by writing another 
character into the transmit buffer or by resetting the 
Transmit Interrupt Pending latch with a Reset Tx In- 
terrupt Pending command. If the interrupt is satis- 
fied with this command, and nothing more is written 
into the transmit buffer, there are no further trans- 
mitter interrupts, and a Transmit Underrun condition 
will occur when the data in the shift register is shif- 
ted out. When another character is written to the 
buffer and loaded into the shift register, the transmit 
buffer can again become empty and interrupt the 
CPU. Following the flags in an SDLC operation, the 
8-bit address field, control field, and information field 
may be sent to the SIO, using the Transmit Interrupt 
mode. The SIO transmits the frame check sequence 
using the Transmit Underrun feature. 

When the transmitter is first enabled, the transmit 
buffer is already empty and obviously cannot then 
become empty. Therefore, no transmit interrupt can 
occur until after the first data character is written to 
the transmit buffer. 

Another way of detecting when the transmitter re- 
quires service is to poll the Tx Buffer Empty bit in 
Status Register 0. This bit is set to a one every time 
the data in the transmit buffer is downloaded into the 
transmit shift register. When data is written to the 
transmit buffer, this bit is reset to zero. 

The SIO has all the signals and controls necessary 
to implement a DMA transfer routine for the trans- 
mitter. The routine may be configured to enable the 
DMA controller, after the first ch aracter is written in- 
to the transmit buffer, using the TxRDY output pin 
to signal the DMA that the transmitter requires ser- 
vice. The DMA transfer can be terminated, when the 
DMA block count is reached, using the Tx Under- 
run/EOM interrupt. 

Transmit Underrun/End of Message. SDLC-like 
protocols do not have provisions for fill characters 
within a message. The SIO, therefore, automatical- 
ly terminates an SDLC frame when the transmit da- 
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ta buffer is empty, and the output shift register has 
no more bits to send. It does this by first sending the 
two bytes of CRC and the following these with one 
or more flags. This technique allows very high- 
speed transmission under DMA or CPU control, wi- 
thout requiring the CPU to respond quickly to the 
end of message situation. 

The action that the SIO takes in the underrun situa- 
tion depends on the state of the Transmit Under- 
run/EOM status bit in status Register 0. Following a 
reset, the Transmit Underrun/EOM bit is set to a one 
and prevents the insertion of CRC characters during 
the time there is no data to send. Consequently, flag 
characters are sent. If the Transmit Underrun/EOM 
status bit is zero when the underrun condition oc- 
curs, the 16-bit CRC character is sent, followed by 
one or more flag characters. The Transmit Under- 
run/EOM bit is reset to zero by issuing the Reset Tx 
Underrun/EOM Latch command in the Command 
Register. 

The SIO begins to send a frame when data is writ- 
ten into the transmit buffer. Between the time the 
first data byte is written and the end of the message, 
the Reset Tx Underrun/EOM Latch command must 
be issued. The Transmit Underrun/EOM status bit 
will then be in the reset state at the end of the mes- 
sage (when underrun occurs), and CRC characters 
will automatically be sent. The transmission of the 
first CRC bit set the Transmit Underrun/EOM sta- 
tus bit to a one and generates an External/Status in- 
terrupt. Also, while CRC is being sent, the Tx Buffer 
Empty bit in Status Register is reset to indicate 
that the transmit shift register is full of CRC data. 
When CRC has been completely sent, the Tx Buf- 
fer Empty status bit is set, and a Transmit Interrupt 
is generated to indicate that another message may 
begin. This interrupt occurs because CRC has been 
sent, and a flag has been loaded into the shift regis- 
ter. If no more messages are to be sent, the pro- 
gram can terminate transmission by disabling the 
transmitter. 

Although there is no restriction as to when the Trans- 
mit Underrun/EOM bit can be reset within a mes- 
sage, it is usually reset after the first data character 
(secondary address field) is sent to the SIO. By re- 
setting the status bit early in the message, the CPU 
has additional time (16 bits of CRC) to recognize if 
an unintentional transmit underrun situation has oc- 
cured and to respond with an Abort command. Is- 
suing the Abort command stops the flags from going 
on the line prematurely and eliminates the possibi- 
lity of the receiver accepting the frame as valid da- 
ta. This situation can happen if, at the receiving end, 



the data pattern immediately preceding the automa- 
tic flag insertion matches the CRC checker, giving 
a false CRC check result. 

CRC Generation. The CRC generator must be re- 
set to all ones at the beginning of each frame before 
CRC accumulation can begin. Actual accumulation 
begins on the first data character (address field) loa- 
ded into the transmit buffer. The Tx CRC Enable bit 
in the Transmit Control Register should be set to a 
one before the first character is loaded into the trans- 
mit buffer. In SDLC mode, all characters between 
the opening and the closing flags are included in 
CRC accumulation. The output of te CRC generator 
is inverted before it is transmitted. 

Transmit Termination. The normal sequence at 
the end of a frame is 

A Transmit Interrupt occurs when the last data cha- 
racter written to the transmit buffer is downloaded 
into the transmit shift register. This interrupt may be 
cleared by issuing a Reset Tx Interrupt Pending 
command. 

An External/Status Interrupt occurs when the first bit 
of the CRC character is transmitted. This interrupt 
condition should first be tested to see if the interrupt 
was caused by the Tx Underrun/EOM bit going High 
and then reset by issuing a Reset External/Status 
Interrupts command. 

A Transmit Interrupt occurs when the first bit of the 
flag is transmitted. This interrupt may be cleared by 
issuing a Reset Tx Interrupt Pending command, by 
loading the first character of the next message, or 
by disabling the transmitter. 

If the transmitter is disabled while a character is 
being sent, that character (data or flag) is sent in the 
normal fashion but is followed by a marking line ra- 
ther than CRC or more flag characters. If CRC cha- 
racters are being sent at the time the transmitter is 
disabled, all 16 bits will be transmitted, followed by 
a marking line ; however, flags are sent in place of 
CRC. A character in the buffer when the transmitter 
is disabled remains in the buffer. 

SDLC RECEIVE 

Initialization. The receiver is enabled only after all 
of the receive parameters are initialized. After the 
Receiver Enable bit in the Receiver Control Regis- 
ter is set to a one, the receiver will be in the Hunt 
phase and will remain in this phase until the first flag 
is received. While in the SDLC mode, the receiver 
never re-enters the Hunt phase, unless specifically 
instructed to do so by the program or when an Abort 
character is detected in the incoming data stream. 
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Receiver Characteristics. The receiver may be 
programmed to assemble five to eight data bits in- 
to a character. The character is right-justified in the 
shift register and transferred to the receive data FI- 
FO. All data transfers to the FIFO are in 8-bit groups. 
When the character length programmed is less than 
eight bits, the most significant bit(s) transferred with 
a character, will be the least-significant bit(s) of the 
next character. The character length programmed 
may be changed on the fly during the reception of a 
frame ; however, care must be taken to assure that 
the change is effective, before the number of bits 
specified for the character length has been assem- 
bled. 

The address field in the SDLC frame is defined as 
an 8-bit field. When the Address Search Mode is se- 
lected, the receiver will compare the 8-bit character 
following the flag (first non-flag character) against 
the address programmed in Sync Word Register 1 
or the hardwired global address (11111111). When 
the address field of the SDLC frame matches either 
address, data transfer will begin with the address 
character being loaded into the receive data FIFO. 
If the frame address does not match either address, 
the receiver will remain idle and continue checking 
every frame received for an address match. The ad- 
dress comparison is always done on the first eight 
bits following a flag, regardless of the. bits per cha- 
racter programmed. 

The SIO receiver is capable of matching only one 
address character. Once a match occurs, all data is 
transferred to the receive data FIFO at the program- 
med bits per character rate. If SDLC extended ad- 
dress field recognition is used (two or more address 
characters), the CPU program must be capable of 
determining whether or not the frame has a correct 
address field. If the correct address field is not re- 
ceived, the Hunt bit can be set to suspend reception 
and start searching for the next frame. The control 
field of an SDLC frame is transparent to the SIO ; it 
is transferred to the data FIFO as a data character. 
All extra zeros, inserted in the data stream by the 
transmitter, are automatically deleted in the recei- 
ver. 

Data Transfer and Status Monitoring. After re- 
ceipt of a valid flag, the assembled characters are 
transferred to the receive data FIFO, and the status 
information for each character is transferred to the 
receive error FIFO. The following four modes are 
available to transfer the received data and its asso- 
ciated status to the CPU. 

No Receiver Interrupts Enabled. This mode is 
used for polling operations or for off-line conditions. 
When transferring data, using a polling routine, the 



Rx Character Available bit in Status Register 
should be checked to determine whether or not a 
receive character is available for transfer. Only 
when a character is available should the receive 
buffer and Status Register 1 be read. The Rx Cha- 
racter Available bit is set to a one every time a cha- 
racter is shifted to the top of the receive data FIFO. 
This bit is reset when the receive buffer is read. 

Interrupt On First Character Only. This interrupt 
mode is normally used to start a DMA transfer rou- 
tine, or in some cases, a polling loop. The SIO will 
generate an interrupt the first time a character is shif- 
ted to the top of the receive data FIFO after this 
mode is selected or reinitialized. An interrupt will be 
generated thereafter only if a Special Receive 
Condition is detected. This mode is reinitialized with 
the Enable Interrupt On Next Received Character 
command. Parity Errors do not cause interrupts in 
this mode, but a Receive Overrun Error or an End 
Of Frame condition will. 

Interrupt On Every Character. This interrupt mode 
will generate a Receiver Interrupt every time a cha- 
racter is shifted to the top of the receive data FIFO. 
A Special Receive Condition interrupt on a Parity er- 
ror is optional in this mode. 

Special Receive Condition Interrupt. The special 
condition interrupt mode is not an interrupt mode, 
as such, but works in conjunction with Interrupt On 
Every Character or Interrupt On First Character On- 
ly modes. When the Status Affects Vector bit in ei- 
ther channel is set, a Special Receive Condition will 
modify the Receive Interrupt vector to signal the 
CPU of the special condition. Receive Overrun Er- 
ror, Parity Error, and End Of Frame are the Special 
Receive Conditions in SDLC mode. The Overrun 
and Parity error status bits in Status Register 1 are 
latched when they occur ; the End Of Frame bit is 
not latched. The two bits that are latched will remain 
latched and will generate a Special Receive Condi- 
tion Interrupt at every character available time until 
an Error Reset command is issued. Since the two 
status bits are latched, the error status in Status Re- 
gister 1 , when read, will reflect an error in the cur- 
rent word in the receive buffer, in addition to any Pa- 
rity or Overrun errors received since the last Error 
Reset command. 

SDLC Receive CRC Checking. Control of the re- 
ceiver CRC checker is automatic. It is reset by the 
leading flag, and CRC is calculated up to the final 
flag. The byte that has the End Of Frame bit set is 
the byte that contains the result of the CRC check. 
If the CRC/Framing Error bit is not set (zero), the 
CRC indicates a valid received message. A special 
check sequence is used for the SDLC check, be- 
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cause the transmitted CRC character is inverted. 
The final check must be 0001 1 1 01 00001 1 1 1 . he 2- 
byte CRC check characters should be read and dis- 
carded by the CPU, because the last two bits of the 
2-byte SDLC CRC check characters are not trans- 
ferred to the receive data FIFO due to the internal 
timing associated with detecting the closing flag. 

Unlike Synchronous modes, the logic path in SDLC 
mode does not have an 8-bit delay between the time 
a character is transferred to the receive data FIFO 
and the time a character enters the CRC checker. 
This delay is not needed, because in SDLC, all cha- 
racters between the opening and closing flags are 
included in the CRC calculations. When the second 
CRC character (six bits only) is loaded into the re- 
ceive buffer, CRC calculation is complete. 

SDLC Receive Termination. An SDLC frame is ter- 
minated when the closing flag is detected. The de- 
tection of the flag sets the End Of Frame bit in Sta- 
tus Register 1 and generates a Special Receive 
Condition Interrupt. In addition to the End Of Frame 
bit being set and the results of the CRC check, Sta- 
tus Register 1 has three bits of Residue code valid 
at this time. The Residue bits indicate the boundary 
between the CRC check bits and the l-field bits in 
the frame. A detailed description of the Residue 
code bits is given in the Register Description sec- 
tion, under Status Register 1 . 

Any frame can be prematurely aborted by an Abort 
sequence. Aborts are detected if seven or more 
continuous ones occur in the received data stream. 
This condition will cause an External/Status Inter- 
rupt to be generated with the Break/Abort bit in Sta- 
tus Register set. After the Reset External/Status 
Interrupts command has been issued, a second in- 
terrupt will occur when the continuous ones condi- 
tion has been cleared. This second interrupt can be 
used to distinguish between the Abort and Idle line 
conditions. 

REGISTER DESCRIPTION 

The following sections describe the MK68564 SIO 
registers. Each register is detailed in terms of bit 
configuration, the active states of each bit, their de- 
finitions, their functions, and their effects upon the 
internal hardware and external pins. 

COMMAND REGISTER (CMDREG) 

This register contains command and reset functions 



used in the programming of the SIO. This register is 
reset to "00H" by a channel or hardware reset. All 
bits, except Loop Mode, will be read as zeros during 
a read cycle. 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


CRC 
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CRC 



CMD 
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CMD 
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CMD 







LOOP 
MODE 



D7, D6 : Reset Codes 1 and 



CRC1 


CRC0 







1 

1 




1 



1 


Null Code (no effect) 
Reset Receiver CRC Checker 
Reset Transmit CRC Generator 
Reset Tx Underrun/End of 
Message Latch 



Null Code. The null code has no effect on the 
MK68564 SIO. It is used when writing to the Com- 
mand Register for some reason other than a CRC 
Reset. 

Reset Receiver CRC Checker. It is necessary in 
Synchronous modes (except SDLC) to reset the re- 
ceiver CRC circuitry between received messages. 
The CRC circuitry may be reset by one of the follo- 
wing : disabling the receiver, setting the Enter Hunt 
Mode bit in the Receiver Control Register, or issuing 
this Reset command. The CRC circuitry is reset 
automatically in SDLC mode when the End Of 
Frame flag is detected. This Reset command will ini- 
tialize the CRC checker circuit to all ones in SDLC 
mode and all zeros in the other Synchronous 
modes. 

Reset Transmit CRC Generator. This command 
resets the CRC generator to all ones in SDLC mode 
and all zeros in the other Synchronous modes. This 
command should be issued after the transmitter is 
enabled but before the first character of a message 
is loaded in the transmit buffer. 

Reset Transmit Underrun/EOM Latch. This com- 
mand resets the Underrun/EOM latch in Status Re- 
gister if the transmitter is enabled. The Under- 
run/EOM latch controls the transmission of CRC at 
the end of a message in Synchronous modes. When 
a transmit underrun occurs and this latch is low, 
CRC will be appended to the end of the transmis- 
sion. 
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D5, D4, D3 : Command Codes 



Command 


CMD2 


CMD1 


CMDO 
















Null Command 
(no effect) 


1 








1 


Send Abort 
(SDLC mode) 


2 





1 





Reset External/ 
Status Interrupts 


3 





1 


1 


Channel Reset 


4 


1 








Enable Interrupt On 
Next Rx Character 


5 


1 





1 


Reset Tx Interrupt 
Pending 


6 


1 


1 





Error Reset 


7 


1 


1 


1 


Null Command 
(no effect) 



Command (Null). The Null command has no ef- 
fect on the MK68564 SIO. 

Command 1 (Send Abort). This command is used 
in SDLC mode to transmit a sequence of eight to 
thirteen ones. This command always empties the 
transmit buffer ans sets the Tx Underrun/EOM Latch 
in Status Register to a one 

Command 2 (Reset External/Status Interrupts). Af- 
ter an External/Status interrupt (a change on a mo- 
dem line or a Break condition, for example), the up- 
per five bits in Status Register are latched. This 
command reenables these bits and allows interrupts 
to occur again as a result of a status change. Lat- 
ching the status bits captures short pulses, until the 
CPU has time to read the change. This command 
should be issued prior to enabling External/Status 
Interrupts. 

Command 3 (Channel Reset). This command di- 
sables both the receiver and transmitter, forces TxD 
to a marking state ("1"), forces the modem control 
signals high, resets any pending interrupts from this 
channel, and resets all control registers. See the Re- 
set section in the SIO System Interface Description 
for a more detailed list. All control registers for the 
channel must be rewritten after a Channel Reset 
command. 

Command 4 (Enable Interrupt On Next Rx Charac- 
ter). This command is used to reactivate the Receive 
Interrupt On First Character Only interrupt mode. 
This command is normally issued after the present 
message is completed but before the next message 
has started to be assembled. The next character to 
enter the receive data FIFO after this command is 
issued will cause a receiver interrupt request. 

Note : If the data FIFO has more than one charac- 
ter stored when this command is issued, the first 
previously stored character will cause the receiver 
interrupt request. 



Command 5 (Reset Tx Interrupt Pending). When 
the Transmit Interrupt Enable mode is selected, the 
transmitter requests an interrupt when the transmit 
buffer becomes empty. In those cases, where there 
are no more characters to be sent (at the end of 
message, for example), issuing this command re- 
sets the pending transmit interrupt and prevents any 
further transmitter interrupt requests until the next 
character has been loaded into the transmit buffer 
or until CRC has been completely sent. 

Command 6 (Error Reset). This command resets 
the upper seven bits in Status Register 1 . Anytime 
a Special Receive Condition exists when Receive 
Interrupt On First Character Only mode is selected, 
the data with the special condition is held in the re- 
ceive data FIFO until this command is issued. 

Command 7 (Null). The Null command has no ef- 
fect on the MK68564 SIO. 

D2, D1 : Not Used (read as zeros) 

DO : Loop Mode 

When this bit is set to a 1 , the tran smitte r output is 
connected to the receive r inpu t and TxC is connec- 
ted to the receiver clock. RxC and RxD pins are not 
used by the receiver ; they are bypassed internally. 
RxC may still be used as the baud rate generator 
output in Loop Mode. 

MODE CONTROL REGISTER (MODECTL) 

The Mode Control Register contains control bits that 
affect both the receiver and the transmitter. This re- 
gister must be initialized before loading the Interrupt, 
Tx, and Rx Control Registers, and the Sync Word 
Registers. This register is reset to "00H" by a chan- 
nel or hardware reset. 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


CLOCK 
RATE 
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CLOCK 

RATE 




SYNC 
MODE 
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SYNC 

MODE 




STOP 
BITS 
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STOP 
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PARITY 

E/O 
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ON/OFF 



D7, D6 : Clock Rate 1 and 

These bits specif y the m ultipl ier between the input 
shift clock rates (TxC x RxC) and data rate. The 
same multiplier is used for both the transmitter and 
receiver, although the input clock rates may be dif- 
ferent. In x16, x32, and x64 clock modes, the recei- 
ver start bit detection logic is enabled ; therefore, for 
Synchronous modes, the x1 clock rate must be 
specified. Any clock rate may be specified for Asyn- 
chronous mode ; however, if the x1 clock rate is se- 
lected, synchronization between the receive data 
and the receive clock must be accomplished exter- 
nally. 
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CLOCK 
RATE 1 


CLOCK 
RATEO 


Multiple 







1 

1 




1 



1 


x1 
x16 

x32 

x64 


Clock Rate = Data Rate 

Clock Rate = 1 6 x Data 

Rate 

Clock Rate = 32 x Data 

Rate 

Clock Rate = 64 x Data 

Rate 



D5, D4 : Sync Modes 1 and 

These bits select the various options for character 
synchronization. These bits are ignored, unless 
Sync modes is selected in the Stop Bits filed of this 
register. 



SYNC 
MODE1 


SYNC 
MODEO 







1 
1 




1 


1 


8-bit Programmed Sync 

1 6-bit Programmed Sync 

SDLC Mode (01 11 11 10 flag 

pattern) 

External Sync Mode 



D3, D2 : Stop Bits 1 and 

These bits determine the number of stop bits added 
to each Asynchronous character that is transmitted. 
The receiver always checks for one stop bit in Asyn- 
chronous mode. A special code (00) signifies that a 
Synchronous mode is to be selected. 1 1/2 stop bits 
is not allowed if x1 clock rate is selected, because it 
will lock up the transmitter. 



STOP 


STOP 


BIT 1 


BITO 











1 


1 





1 


1 



Sync Modes 

1 Stop Bit per Character 

1 1/2 Stop Bits per Character 

2 Stop Bits per Character 



D1 : Parity Even/Odd 

If the Parity Enable bit is set, this bit determines whe- 
ther parity is checked as even or as odd. (1 = even, 
= odd). This bit is ignored if the Parity Enable bit 
is reset. 

DO : Parity Enable 

If this bit is set to a one, one additional bit position 
beyond those specified in the bits/character control 
field is added to the transmitted data and is expec- 



ted in the receive data. The received parity bit is 
transferred to the CPU as part of the data charac- 
ter, unless eight bits per character is selected in the 
Receiver Control Register. 

INTERRUPT CONTROL REGISTER 

(INTCTL) 

This register contains the control bits for the various 
interrupt modes and the DMA handshaking signals. 
This register is reset to "00 H" by a channel or hard- 
ware reset. 
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D6 
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D3 
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DO 


CRC16/ 
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MODE 
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RXINT 

MODE 




STATUS 
AFFECTS 


TXINT 
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EXT INT 
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D7 : CRC-16/SDLC-CRC 

This bit selects the CRC polynomial used by both 
the transmitter and receiver. When set to a one, the 
CRC-16 polynomial (x16 + x15 + x2 + 1) is used ; 
when reset to a zero, the SDLC-CRC polynomial 
(x16 + x12 + x5 + 1) is used. If the SDLC mode is 
selected, the CRC generator and checker are pre- 
set to all ones and a special check sequence is used. 

The SDLC-CRC polynomial must be selected in 
SDLC mode. Failure to do so will result in receiver 
CRC errors. When a Synchronous mode, other than 
SDLC, is selected, the CRC generator and checker 
are preset to all zeros (for both polynomials). This 
bit must be programmed before CRC is enabled in 
the receiver and transmitter control registers, to as- 
sure valid CRC generation and checking. This bit is 
ignored in Asynchronous modes. 

D6 : Tx Ready Enable 

When this bit is set to a one, the TxRDY output pin 
will pulse Low for three clock cycles (CLK) when the 
transmit buffer becomes empty. When this bit is ze- 
ro, the TxRDY pin is held High. 

D5 : Rx Ready Enable 

When this bit is set to a one, the TxRDY output pin 
will pulse Low for three clockcycles (CLK) when a 
character is available in the receive buffer. If a Spe- 
cial Receive Condition is detected when the Re- 
ceive Interrupt On First Character Only interrupt 
mode is selected, the RxRDY pin will not become 
active ; instead, a special Receive Condition inter- 
rupt will be generated. When this bit is zero, the 
RxRDY pin will be held High 
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D4, D3 : Receive Interrupt Modes 1 and 

Together, these two bits specify the various charac- 
ter-avalaible conditions that will cause interrupt re- 
quests. When receiver interrupts are enabled, a 
Special Receive Condition can cause an interrupt 
request and modify the interrupt vector. Special Re- 
ceive conditions are : Rx Overrun Error, Framing Er- 
ror (in async mode), End Of Frame (in SDLC mode), 
and Parity Error (when selected). The Rx Overrun 
Error and the Parity Error conditions are latched in 
Status Register 1 when they occur ; they are clea- 
red by an Error Reset command (Command 4) or 
by a hardware or channel rest. 



Rx INT 


Rx INT 




MODE 1 


MODE 










Receive Interrupts Disabled 





1 


Receive Interrupt On First 
Character Only 


1 





Interrupt On All Receive 

Characters-parity 

Error is a Special Receive 

Condition 


1 


1 


Interrupt On All Receive 

Characters-parity 

Error is not a Special Receive 

Condition 



Receive Interrupts Disabled. This mode prevents 
the receiver from generating an interrupt request 
and clears any pending receiver interrupts. If a cha- 
racter is avalaible in the receiver data FIFO, or if a 
Special Receive Condition exists before or during 
the time receiver interrupts are disabled, and recei- 
ver interrupts are then enabled without clearing 
these conditions, an interrupt request will immedia- 
tely be generated. 

Receive Interrupt On First Character Only. The 

receiver requests an interrupt in this mode on the 
first available character (or stored FIFO character), 
or on a Special Receive Condition. If a Special Re- 
ceive Condition occurs, the data with the special 
condition is held in the receive data FIFO until an 
Error Reset command (Command 6) is issued. 

The receive Interrupt On First Character Only mode 
can be re-enabled by the Enable Interrupt On Next 
Rx Character command (Command 4). If this inter- 
rupt mode was terminated by a Special Receive 
Condition, the Error Reset command must be is- 
sued, before Command 4, for proper operation to 
resume. 



Interrupt On All Receive Characters. This mode 
ammows an interrupt for every character received 
(or character in the receive data FIFO) and provides 
a unique vector (if Status Affects ector is enabled) 
when a Special Receive Condition exists. When the 
interrupt request is due to a special condition, the 
data containing that condition, the data containing 
data FIFO. 

D2 : Status Affects Vector 

When this bit is zero, the value programmed into the 
Vector Register is returned during a read cycle or 
an interrupt acknowledge cycle. If the Vector Regis- 
ter has not been programmed following a hardware 
reset, then "OFH" is returned. 

When this bit is a one, the vector returned during a 
read cycle or an interrupt acknowledge cycle is va- 
riable. The variable field returned depends on the 
highest-priority pending interrupt at the start of the 
cycle. 

The Status Affects Vector control bits from both 
channels are logical "or" ed together ; therefore, if 
either is programmed to a one, its operation affects 
both channels. This is the only control bit that func- 
tions in this manner on the MK68564. 



V2 


V1 





Interrupt Condition 







1 

1 
1 
1 





1 
1 




1 

1 




1 



1 



1 



1 


Ch B Transmit Buffer Empty 
Ch B External/status Change 
Ch B Receive Character Available 
Ch B Special Receive Condition* 
Ch A Transmit Buffer Empty 
Ch A External/status Change 
Ch A Receive Character Available 
Ch A Special Receive Condition* 



* Special Receive Conditions : Parity Error, Rx Overrun Er- 
ror, Framing Error (Async), End of Frame (SDLC). 

D1 : Transmit Interrupt Enable 

When this bit is set to a one, the transmitter will re- 
quest an interrupt whenever the transmit buffer be- 
comes empty. When this bit is zero, no transmitter 
interrupts will be requested. 

DO : External/Status Interrupt Enable 

When this bit is set to a one, an interrupt will be re- 
quested by the external/status logic on any of the 
following occurrences : a transition (high-to-low or 
low-to-high) on the DCD, CTS, or SYNC input pins, 
a break/abort condition that has been detected and 
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terminated, or at the beginning of CRC transmission 
when the Transmit Underrun/EOM latch in Status 
Register becomes set. When this bit is zero, no 
External/Status interrupts will occur. 

If this bit is set when an External/Status condition is 
pending, an interrupt will be requested. It is recom- 
mended that a Reset External/Status Interrupts 
command (Command 2 in the Command Register) 
be issued prior to enabling External/Status inter- 
rupts. 

SYNC WORD REGISTER 1 (SYNC 1) 

This register is programmed to contain the transmit 
sync character in the Monosync mode, the first eight 
bits of the 1 6-bit sync character in the Bysinc mode, 
or the transmit sync character in the External Sync 
mode. This register is not used in Asynchronous 
mode. In the SDLC mode, this register is program- 
med to contain the secondary address field used to 
compare against the address field of the SDLC 
frame. The SIO does not automatically transmit the 
station address at the beginning of a response 
frame. This register is reset to "00H" by a channel 
or hardware reset. 
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SYNC WORD REGISTER 2 (SYNC 2) 

This register is programmed to contain the receive 
sync character in the Monosync mode, the last eight 
bits of the 1 6-bit sync character in the Bisync mode, 
or a flag character (01 1 1 1 1 1 0) in the SDLC mode. 
This register is not used in the External Sync mode 
and the Asynchronous mode. This register is reset 
to "00H" by a channel or hardware reset. 
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9 
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RECEIVER CONTROL REGISTER 

(RCVCTL) 

This register contains the control bits and parame- 
ters for the receiver logic. This register is reset to 
"00H" by a channel or hardware reset. 



D7, D6 : Receiver Bits/Character 1 and 

The state of these two bits determines the number 
of bits to be assembled as a character in the recei- 
ved serial data stream. If Parity is enabled, one 
additional bit will be added to each character. The 
number of bits per character can be changed while 
a character is being assembled but only before the 
number of bits currently programmed is reached. All 
data is right-justified in the shift register and trans- 
ferred to the receive data FIFO in 8-bit groups. 

In Asynchronous mode, transfers are made at cha- 
racter boundaries, and all unused bits of character 
are set to a one. In Synchronous modes and SDLC 
mode, an 8-bit segment of the serial data stream is 
transferred to the data FIFO when the internal coun- 
ter reaches the number of bits per character pro- 
grammed. For less than eight bits per character, no 
parity, the MSB bit(s) of the first transfer will be the 
LSB bit(s) of the next transfer. 



RX BITS 
CHAR 1 


RX BITS 
CHARO 


Bits/character 

(no parity) 


Bits/character 

(parity) 





1 
1 




1 


1 


5 
6 

7 
8 


6 
7 
8 
9 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


RX BITS 
CHAR1 
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D5 : Receiver Auto Enables 

When this bit is set to a one, and the Receiver Ena- 
ble bit is also set, a Low on the DCD input pin be- 
comes the enable for the receiver. When this bit is 
zero, the DCD pin is simply an input to the SIO, and 
its status is displayed in Status Register 0. 

D4 : Enter Hunt Mode 

This bit, when written to a one, rearms the receiver 
synchronization logic and forces the comparison of 
the received bit stream to the ontents of Sync Word 
Register 1 and/or Sync Word Register 2, depending 
upon which Synchronous mode is selected, until bit 
synchronization is achieved. The SIO automatically 
enters the Hunt mode after a channel or hardware 
reset, after an Abort condition is detected, or when 
the receiver is disabled. When the Hunt mode is en- 
tered, the Hunt/Sync bit in Status Register is set 
to a one. When synchronization is achieved, the 
Hunt/Sync bit is reset to a zero. If External/Status 
interrupts are enabled, an interrupt request will be 
generated on both transitions of the Hunt/Sync bit. 
Enter Hunt Mode has no affect in Asynchronous 
modes. This bit is not latched and will always be read 
as a zero. 
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D3 : Receiver CRC Enable 

This bit, when set to a one in a Synchronous mode 
other than SDLC, is used to initiate CRC calculation 
at the beginning of the last byte transferred from the 
receiver shift register to the receive data FIFO. This 
operation occurs independently of the number of 
bytes in the receive data FIFO. As long as this bit is 
set, CRC will be calculated on all characters recei- 
ved (data or sync). When a particular byte is to be 
excluded from CRC calculation, this bit should be 
reset to a zero before the next byte is transferred to 
the receive data FIFO. If this feature is used, care- 
must be taken to ensure that eight bits per charac- 
ter are selected in the reciever because of an 
inherent eight-bit delay from the receiver shift regis- 
ter to the CRC checker. 

When this bit is set to a one in SDLC mode, the SIO 
will calculate CRC on all bits between the opening 
and closing flags. There is no delay from the recei- 
ver shift register to the CRC checker in SDLC mode. 
This bit is ignored in Asynchronous modes. 

D2 : Address Search Mode 

Setting this bit to a one in SDLC mode forces the 
comparison of the first non-flag character of a frame 
with the address programmed in Sync Word Regis- 
ter 1 or the global address (11111111). If a match 
does not occur, the frame is ignored, and the recei- 
ver remains idle until the next frame is detected. No 
receiver interrupts can occur in this mode, unless 
there is an address match. This bit is ignored in all 
modes except SDLC. 

D1 : Sync Character Load Inhibit 

When this bit is set to a one in any Synchronous 
mode except SDLC, the SIO compares the byte in 
Sync Word Register 1 with the byte about to be loa- 
ded into the receiver data FIFO. If the two bytes are 
equal, the load is inhibited, and no receiver interrupt 
will be generated by this character. CRC calculation 
is performed on all bytes, whether they are loaded 
into the data FIFO or not, when the receiver CRC is 
enabled. Note that the register used in the compa- 
rison contains the transmit sync character in Mono- 
sync and External sync modes. This bit is ignored 
in SDLC mode because all flag characters are auto- 
matically striped in this mode without performing 
CRC calculations on them. 

If this bit is set to a one in Asynchronous modes, any 
character received matching the contents of Sync 
Word Register 1 will not be loaded into the receive 



data FIFO, and no receiver interrupt will be genera- 
ted for the character. 

DO : Receiver Enable 

When this bit is set to a one, receiver operation be- 
gins if Rx Auto Enables mode is not selected. This 
bit should be set only after all receiver parameters 
are established, and the receiver is completely ini- 
tialized. When this bit is zero, the receiver is disa- 
bled ; the receiver CRC checker is reset, and the re- 
ceiver is in the Hunt mode. 

TRANSMITTER CONTROL REGISTER 

(XMTCTL) 

This register contains the control bits and parame- 
ters for the transmitter logic. This register is reset to 
"OOH" by a channel or hardware reset. 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


TX 

BITS 

CHAR 1 


TX 

BITS 

CHARO 


TX 

AUTO 

ENABLES 


SEND 
BREAK 


TX 

CRC 

ENABLE 


DTR 


RTS 


TX 
ENABLE 



D7, D6 Transmit Bits/Character 1 and 

The state of these two bits determine the number of 
bits in each byte transferred from the transmit buff- 
er to the transmit shift register. All data written to the 
transmit buffer must be right-justified with the least- 
significant bits first. The Five Or Less mode allows 
transmission of one to five bits per character ; ho- 
wever, the CPU should format the data characters 
as shown. If Parity is enabled, one additional bit per 
character will be transmitted. 



TX BITS/ 
CHAR 1 


TX BITS/ 
CHAR 


Bits/character 

(no parity) 





1 

1 




1 


1 


Five or Less 
6 

7 
8 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


Five or Less 


1 


1 


1 


1 











D 


Sends One Data Bit 


1 


1 


1 











D 


D 


Sends Two Data 
Bits 


1 


1 











D 


D 


D 


Sends Three Data 
Bits 


1 











D 


D 


D 


D 


Sends Four Data 
Bits 











D 


D 


D 


D 


D 


Sends Five Data 
Bits 
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D5 : Transmit Auto Enables 

When this bit is set to a one, and the Transmit Ena- 
ble bit is also set, a Low on the CTS input pin will 
enable the transmitter. When this bit is zero, the CTS 
pin is simply an input to the SIO, and its status is dis- 
played in Status Register 0. 

D4 : Send Break 

When set to a one, this bit immediately forces the 
Transmit Data output pin (TxD) to a spacing condi- 
tion (continuous 0's), regardless of any data being 
transmitted at the time. This bit functions, whether 
the transmitter is enabled or not. When this bit is re- 
set to zero, the transmitter will continue to send the 
contents of the transmit shift register. The shift re- 
gister may contain sync characters, data characters, 
or all ones. 

D3 : Transmitter CRC Enable 

This bit determines if CRC calculations are perfor- 
med on a transmitted data character. If this bit is a 
one at the time a character is loaded from the trans- 
mit buffer to the transmit shift register, CRC is cal- 
culated on the character. CRC is not calculated on 
any automatically inserted sync characters. CRC is 
not automatically appended to the end of a message 
unless this bit is set, and the Transmit Under- 
run/EOM status bit in Status Register is reset when 
a Transmit Underrun condition occurs. If this bit is a 
zero when a character is loaded from the transmit 
buffer into the transmit shift register, no CRC calcu- 
lations are performed on the character. This bit is 
ignored in Asynchronous modes. 

D2 : Data Terminal Ready (DTR) 

This is the control bit for the DTR output pin. When 
this bit is set to a one, the DTR pin goes Low : when 
this bit is reset to a zero, the DTR pin goes High. 

D1 : Request To Send (RTS) 

This is the control bit for the RTS output pin. In Syn- 
chronous modes, when this bit is set to a one, the 
RTS pin goes Low ; when this bit is reset to a zero, 
the RTS pin goes High. In Asynchronous modes, 
when this bit is set, the RTS pin goes Low ; when 
this bit is reset, the RTS pin will go High only after 
all the bits of the character are transmitted, and the 
transmit buffer is empty. 

DO : Transmitter Enable 

Data is not transmitted until this bit is set to a one, 
until the Send Break bit is reset and, if Tx Auto En- 
ables mode is selected, until the CTS pin is Low. To 



transmit sync or flag characters in Synchronous 
modes, this bit has to be set when the transmit buff- 
er is empty. Data or sync characters in the process 
of being transmitted are completely sent if this bit is 
reset to zero after transmission has started. If this 
bit is reset during the transmission of a CRC cha- 
racter, sync or flag characters are sent instead of 
the CRC character. 

STATUS REGISTER (STAT 0) 
READ ONLY 

This register contains the status of the receive and 
transmit buffers and the status bits for the five 
sources of External/Status interrupts. 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


BREAK/ 
ABORT 


UNDERRUN 
/EOM 


CTS 


HUNT/ 
SYNC 


DCD 


TX BUFR 
EMPTY 


INTERPT 
PENDING 


RX 
CHAR 
AVAIL 



D7 : Break/Abort 

This bit is reset by a channel or hardware reset. In 
Asynchronous modes, this bit is set when a Break 
sequence (null character plus framing error) is de- 
tected in the received data stream. An External/Sta- 
tus interrupt, if enabled, is generated when Break is 
detected. The interrupt service routine must issue a 
Reset External/Status Interrupt command (Com- 
mand 2) to the SIO, so the break detection logic can 
recognize the termination of the Break sequence. 

The Break/Abort bit is reset to a zero when the ter- 
mination of the Break sequence is detected in the 
incoming data stream. The termination of the Break 
sequence also causes the generation of an Exter- 
nal/Status interrupt. Command 2 must be issued to 
enable the break detection logic to look for the next 
Break sequence. A single extraneous null character 
is present in the receiver after the termination of a 
break ; it should be read and discarded. 

In SDLC mode, this bit is set by the detection of an 
Abort sequence (seven or more ones) in the recei- 
ved data stream. The External/Status Interrupt is 
handled the same way as in the case of a Break se- 
quence. The Break/Abort bit is not used in the other 
Synchronous modes. 

D6 : Transit Underrun/EOM 

This bit is set to a one following a hardware or chan- 
nel reset, when the transmitter is disabled or when 
a Send Abort command (Command 1) is issued. 
This bit can only be reset by the Reset Transmit Un- 
derrun/EOM Latch command in the Command Re- 
gister. This bit is used to control the transmission of 
CRC at the end of a message in Synchronous 
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modes. When a transmit underrun condition occurs 
and this bit is low. CRC will be appended to the end 
of the transmission, and this bit will be set. Only the 
0-to-1 transition of this bit causes an External/Sta- 
tus interrupt, when enabled. This bit is not used in 
Asynchronous modes. 

D5 : Clear To Send (CTS) 

This bit indicates the inverted state of the CTS input 
pin at the time of the last change of any of the five 
External/Status bits. Any transition of the CTS input 
causes the CTS bit to be latched and generates an 
External/Status interrupt request, if enabled. To 
read the current state of the CTS pin, this bit must 
be read immediately following a Reset External/Sta- 
tus Interrupts command (command 2). 

D4 : Hunt/Sync 

In Asynchronous modes, this bit indicates the inver- 
ted state of the SYNC input pin at the time of the last 
change of any of the five External/Status bits. Any 
transition of the SYNC input causes the Hunt/Sync 
bit to be latched and generates an External/Status 
interrupt request, if enabled. To read the current 
state of the SYNC pin, this bit must be read imme- 
diately following a Reset External/Status Interrupt 
command (command 2). 

In External sync mode, the SYNC pin is used by ex- 
ternal logic to signal character synchronization is 
achieved, the SYNC pin is driven Low on the second 
rising edge of the Receive Clock (RxC) on which the 
last bit of the sync character was received. Once the 
SYNC pin is Low, it should be held Low until the end 
of the message and the driven back High. Both 
transitions on the SYNC pin cause External/Status 
interrupt requests, if enabled. The inverted state of 
the SYNC pin is indicated by this bit. 

In Monosync, Bisync, and SDLC modes, this bit in- 
dicates when the receiver is in the Hunt mode. This 
bit is set to a one following a hardware ir channel re- 
set, after the Enter Hunt Mode bit is written High, 
when the receiver is disabled, or when an Abort se- 
quence (SDLC mode) is detected. This bit will re- 
main in this state until character synchronization is 
achieved. External/Status interrupt requests will be 
generated on both transitions of the Hunt/Sync bit. 

D3 : Data Carrier Detect (DCD) 

This bit indicates the inverted state of the DCD in- 
put pin at the time of the last change of any of the 
five External/Status bits. Any transition of the DCD 
input causes the DCD bit to be latched and gene- 



rates an External/Status interrupt request, if ena- 
bled. To read the current state of the DCD pin, this 
bit must be read immediately following a Reset Ex- 
ternal/Status Interrupts command (command 2). 

D2 : Transmit Buffer Empty 

This bit is set to a one, when the transmit buffer be- 
comes empty, and when the last CRC bit is trans- 
mitted in Synchronous or SDLC modes. This bit is 
reset when the transmit buffer is loaded or while the 
CRC character is being sent in Synchronous or 
SDLC modes. This bit is set to a one following a 
hardware or channel reset. 

D1 : Interrupt Pending 

Any interrupt condition, pending in the interrupt 
control logic for this channel, will set this bit to a one. 
This bit is reset to zero by a hardware channel re- 
set, or when all the interrupt conditions are cleared. 

DO : Receive Character Available 

This bit is set to a one when a character becomes 
available in the receive data FIFO. This bit is reset 
to zero when the receive data FIFO (receive buffer) 
is read, or by a hardware or channel reset. 

STATUS REGISTER 1 (STAT 1) 
READ ONLY 

This register contains the Special Receive Condi- 
tion status bits and the Residue codes for the l-field 
in the SDLC receive mode. The All Sent bit is set 
High, and all other bits are reset to a Low by a chan- 
nel or hardware reset. 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


END OF 
FRAME 


CRC/ 
FRAME 
ERROR 


RX 
OVER- 
RUN 
ERR 


PARITY 
ERROR 


RESIDUE 
CODE 2 


RESIDUE 
CODE1 


RESIDUE 
CODEO 


ALL 
SENT 



D7 : End Of Frame (SDLC) 

This bit is used only in SDLC mode. When set to a 
one, this bit indicates that a valid closing flag has 
been received and that the CRC/Framing Error bit 
and Residue codes are valid. If receiver interrupts 
are enabled, a Special Receive Condition interrupt 
will also be generated. This bit can be reset by is- 
suing an Error Reset command (command 6). This 
bit is also updated by the first character of the follo- 
wing frame. This bit is a zero in all modes except for 
SDLC. 
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D6 : CRC/Framing Error 

In Asynchronous modes, if a Framing Error occurs, 
this bit is set to a one for the receive character in 
which the framing error occurred. When this bit is 
set to a one, a Special Receive Condition interrupt 
will be requested, if receiver interrupts are enabled. 

Detection of a Framing Error adds an additional one- 
half bit time to the character time, so that the Fra- 
ming Error is not interpreted as a new start bit. 

In Synchronous and SDLC modes, this bit indicates 
the result of comparing the received CRC value to 
the appropriate check value. A zero indicates that a 
match has occurred. This bit is usually set since 
most bit combinations result in a non-zero CRC, ex- 
cept for a correctly completed message. Receiver 
interrupts are not requested by the CRC Error bit. 

The CRC/Framing bit is not latched in any receiver 
mode. It is always updated when the next character 
is received. An Error Reset command (command 6) 
will always reset this bit to zero. 

D5 : Receive Overrun Error 

This bit indicates that the receive data FIFO has 
overflowed. Only the character that has been writ- 
ten over is flagged with this error. When the charac- 
ter is read, the error condition is latched until reset 
by the Error Reset command (command 6). If recei- 
ver interrupts are enabled, the overrun character 
and all subsequent characters received, until the Er- 
ror Reset command is issued, will generate a Spe- 
cial Receive Condition interrupt request. 

D4 : Parity Error 

When parity is enabled, this bit is set to a one for 
those characters whose parity does not match the 
programmed sense (even/odd). This bit is latched 
so that once an error occurs, it remains set until the 
Error Reset command (command 6) is issued. If pa- 
rity is a Special Receive Condition, a Parity is a Spe- 
cial Receive Condition, a Parity Error will cause a 
Special Receive Condition interrupt request on the 
character containing the error and on all subsequent 
characters until the Error Reset command is issued. 

D3, D2, D1 : Residue Codes 2, 1, and 

In those cases of the SDLC receive mode, where 
the l-field is not an integral multiple of the character 
length, these three bits indicate the length of the re- 
sidual l-field read in the previous bytes. These codes 
are meaningful only for the transfer in which the End 



Of Frame bit is set. This field is set to 000 by a chan- 
nel or hardware reset and can leave this state only 
if SDLC mode is selected, and a character is recei- 
ved. 

FOR EIGHT BITS PER CHARACTER 









l-Field 

Bits 

In 


I-Field 


Residue 


Residue 


Residue 


Bits 
In Second 


Code 2 


Code 1 


Code 


Previous 
Byte 


Previous 
Byte 


1 











3 





1 








4 


1 


1 








5 








1 





6 


1 





1 





7 





1 


1 





8 


1 


1 


1 


1 


8 











2 


8 



l-Fiel Bits are Right-justified in all Cases. 

If a receive character length, different from eight bits, 
is used for the l-field, a table similar to the previous 
one may be constructed for each different charac- 
ter length. For no residue (that is, the last character 
boundary coincides with the boundary of the l-field 
and CRC field), the Residue codes are as follows : 



Bits Per Character 


Residue 
Code 2 


Residue 
Code 1 


Residue 
Code 


8 Bits Per Character 
7 Bits Per Character 
6 Bits Per Character 
5 Bits Per Character 








1 

1 



1 



1 



DO : All Sent 

This bit is only active in Asynchronous modes ; it is 
always High in Synchronous or SDLC modes. This 
bit is Low while the transmitter is sending characters : 
it will go High only after all the bits of th# character 
are transmitted, and the transmit buffer is empty. 

DATA REGISTER (DATARG) 

The Data Register is actually two separate regis- 
ters ; a write only register that is the Transmit Buf- 
fer, and a read only register that is the Receiver Buf- 
fer. The Receiver Buffer is also the top register of a 
three register stack called the receive data FIFO. 
The Data Register is not affected by a channel or 
hardware reset. 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


DATA 

7 


DATA 
6 


DATA 
5 


DATA 

4 


DATA 
3 


DATA 
2 


DATA 

1 


DATA 
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TIME CONSTANT REGISTER (TCREG) 

This register contains the time constant used by the 
down counter in the baud rate generator. The time 
constant may be changed at any time, but the new 
value does not take effect until the next time the time 
constant is loaded into the down counter. It is re- 
commended that the BRG be disabled before wri- 
ting to this register, as no attempt was made to 
synchronize the loading of a new time constant with 
the clock used to drive the BRG. This register is re- 
set to "00H" by a channel or hardware reset. 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


TC7 


TC6 


TC5 


TC4 


TC3 


TC2 


TC1 


TCO 



BAUD RATE GENERATOR CONTROL RE- 
GISTER (BRGCTL) 

This register contains the control bits used to pro- 
gram the baud rate generator and to select the BRG 
output mode. This register is reset to "00H" by a 
channel or hardware reset. 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 










RxC 
INT/EXT 


TxC 
INT/EXT 


DIVIDE 
BY 64/4 


BRG 
ENABLE 



D7, D6, D5, D4 : Not Used (read as zeros) 

D3 : Receiver Clock, Internal/External 

This bit determines the direction of the RxC pin. 
When this bit is set to a one, the RxC pin is the out- 
put of the baud rate generator. If this bit is a zero, 
the RxC pin is an input, and an external source must 
supply the receiver clock. The receiver clock is al- 
ways the signal on the RxC pin, except in Loop 
Mode, when the transmitter clock is connected in- 
ternally to the receiver clock. 

D2 : Transmitter Clock, Internal/External 

This bit determines the direction of the TxC pin. 
When this bit is set to a one, the TxC pin is the out- 
put of the baud rate generator. If this bit is a zero, 
the TxC pin is an input, and an external source must 
supply the transmitter clock. The transmit clock is 
always the signal on the TxC pin. 



D1 : Divide By 64/4 

This bit specifies the minimum BRG input clock cy- 
cles to output clock cycle. This minimum occurs 
when the Time Constant Register is loaded with a 
"01 H" value. When this bit is set to a one, 64 input 
clocks are required for every output clock. When this 
bit is a zero, four input clocks are required for eve- 
ry output clock. 

DO : Baud Rate Generator Enable 

This bit controls the operation of the baud rate gene- 
rator. When this bit is set to a one, the BRG will start 
counting down from the value left in the down coun- 
ter when this bit was last reset to zero. If the Time 
Constant Register is loaded while this bit is reset, 
the new time constant value is loaded immediately 
into the down counter. The baud rate generator is 
disabled from counting when this bit is reset. 

INTERRUPT VECTOR REGISTER 

(VECTRG) 

This register is used to hold a vector that is passed 
to the CPU during an interrupt acknowledge cycle. 
This register can also be accessed through a 
read/write cycle. If the Status Affects Vector bit in 
the Interrupt Control Register is disabled, the value 
programmed into the Vector Register will be passed 
to the CPU during an interrupt acknowledge cycle 
or a read cycle. If the Status Affects Vector bit in ei- 
ther channel is enabled, the lower three bits of this 
register are modified, according to the table listed in 
the Interrupt Control Register description. With Sta- 
tus Affects Vector on, and no interrupt pending in 
the SIO, the lower three bits will be read as 01 1 . On- 
ly one Vector Register exists in the SIO, but it can 
be accessed through either channel. This register is 
reset to "OFH" by a hardware reset only. 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


V7 


V6 


V5 


V4 


V3 


V2 


V1 


V0 



Variable if Status Affects Vectors is Enabled. 



*57 



SCSTHOMSON 

Rfflfl©IK®ilLl©iri3®0i90(gi 



35/46 



341 



MK68564 



MK68564 ELECTRICAL SPECIFICATIONS 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Value 


Unit 


T A 


Temperature Under Bias 


-25 to 100 


°C 


T stg 


Storage Temperature 


-65 to 150 


°C 


V| 


Voltage on Any Pin with Respect to Ground 


-3 to 7 


V 


Pd 


Power Dissipation 


1.5 


w 



Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only functional operation of the device at these or any other condition above those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

DC ELECTRICAL CHARACTERISTICS 

(V cc = 5.0V ± 5%, T A = to 70°C) 



Symbol 


Parameter 


Min. 


Max. 


Unit. 


V| H 


Input High Voltage ; all Inputs 


V ss + 2.0 


Vcc 


V 


V|L 


Input Low Voltage ; all Inputs 


V ss - 0.3 


V S s + 0.8 


V 


III 


Power Supply Current ; Outputs Open 




190 


mA 


I IN 


Input Leakage Current (V !N = to 5.25) 




± 10 


uA 


Itsi 


Three-state Input Current DTACK, D0-D7, SYNC, TxC, RxC 
< Vin < Vcc, INTR 




20 
± 10 


uA 
uA 


VOH 


Output High Voltage 


V ss + 2.4 




V 


(Iload =-400 uA, Vcc = MIN) DTACK, D0-D7 
(Iload =-150 uA, Vcc = MIN) All Other Outputs 
(except XTAL2 & INTR)* 


Vol 


Output Low Voltage 




0.05 


V 


(Iload = 5.3mA, V C c = MIN) INTR, DTACK, D0-D7 
('load = 2.4mA, V C c = MIN) All Other Outputs 
(except XTAL2)* 



* XTAL2 Special 

INTR (Open drain) 

CAPACITANCE 

T A = 25°C, F = 1MHz Unmeasured Pins Returned to Ground. 



Symbol 


Parameter 


Test Conditions 


Max. 


Unit. 


C|N 


Input Capacitance CS, JACK 
All Others 


Unmeasured Pins Returned to 
Ground 


15 
10 


PF 
PF 


CoUT 


Tri-state Output Capacitance 


10 


PF 
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AC ELECTRICAL CHARACTERISTICS 

(V cc = 5.0 VDC ± 5%, GND = VDC, T A = to 70°C) 



Number 


Parameter 


4.0 MHz 


5.0 MHz 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


1 


CLK Period 


250 


1000 


200 


1000 


ns 




2 


CLK Width High 


105 




80 




ns 




3 


CLK Width Low 


105 




80 




ns 




4 


CLK Fall Time 




30 




30 


ns 




5 


CLK Rise Time 




30 




30 


ns 




6 


CS Low to CLK High (setup time) 












ns 


1 


7 


A1-A5 Valid to CS Low (setup time) 












ns 




8 


DATA Valid to CS Low (write cycle) 












ns 




9 


CS Width High 


50 




50 




ns 


1 


10 


DTACK Low to A1-A5 Invalid (hold time) 












ns 




11 


DTACK Low to DATA Invalid 
(write cycle hold time) 












ns 




12 


CS High to DTACK High (delay) 




55 




50 


ns 




13 


CLK High to DTACK Low 




320 




295 


ns 




14 


R/W Valid to CS Low (setup time) 












ns 




15 


DTACK Low to R/W Invalid (hold time) 












ns 




16 


CLK Low to DATA Out 




450 




450 


ns 




17 


CS High to DATA Out Invalid (hold time) 












ns 


11 


18 


CS High to DTACK High Impedance 




105 




100 


ns 




19 


DTACK Low to CS High 












ns 




20 


DATA Valid to DTACK Low 


70 




70 




ns 




21 


IACK Width High 


50 




50 




ns 


1 


22 


IACK Low to CLK High (setup time) 












ns 


1 


23 


CLK Low to INTR Disabled 




410 




410 


ns 


2 


24 


CLK Low to DATA Out 




330 




330 


ns 


2 


25 


DTACK Low to IACK, IEI, High 












ns 




26 


IACK High to DTACK High 


55 




50 




ns 




27 


IACK High to DTACK High Impedence 




105 




100 


ns 




28 


IACK High to DATA Out Invalid (hold time) 












ns 




29 


DATA Valid to DTACK Low 


195 




195 




ns 


2 


30 


CLK Low to EO Low 




220 




220 


ns 


3 


31 


IEI Low to IEO Low 




140 




140 


ns 


3 


32 


IEI High to IEO High 




190 




190 


ns 


4 


33 


IACK High to IEO High 




190 




190 


ns 


4 


34 


IACK High to INTR Low 




200 




200 


ns 


5 


35 


IEI Low to CLK Low (setup time) 


10 




10 




ns 




36 


El Low to INTR Disabled 




425 




425 


ns 


6 


37 


TeT Low to DATA Out Valid 




225 




225 


ns 


6 


38 


DATA Out Valid to DTACK Low 


55 




55 




ns 


6 


39 


LACK High to DATA Out High Impedence 




120 




90 


ns 
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AC ELECTRICAL CHARACTERISTICS (continued) 
(V cc = 5.0 VDC ± 5%, GND = VDC, T A = to 70°C) 



Number 


Parameter 


4.0 MHz 


5.0 MHz 


Unit 


Notes 


Min. 


Max. 


Min. 


Max. 


40 


CS HIGH TO DATA Out High Impedence 




120 




90 


ns 




41 


CS or IACK High to CLK Low 


100 




100 




ns 


7 


42 


TxRDY or RxRDY Width Low 




3 




3 


CLK's 


8, 10 


43 


CLK High TxRDY or RxRDY Low 




300 




300 


ns 




44 


CLK High to TxRDY or RxRDY High 




300 




300 


ns 






IACK High to CS Low or CS High to IACK Low 
(not shown) 


50 




50 




ns 


1 


45 


CTS, DCD, SYNC Pulse Width High 


200 




200 




ns 




46 


CTS, DCD, SYNC Pulse Width Low 


200 




200 




ns 




47 


TxC Period 


1000 


DC 


800 


DC 


ns 


9 


48 


TxC Width Low 


180 


DC 


180 


DC 


ns 




49 


TxC Width High 


180 


DC 


180 


DC 


ns 




50 


TxC Low to TxD Delay (X1 Mode) 




300 




300 


ns 




51 


TxC Low to INTR Low Delay 


5 


9 


5 


9 


CLK's 


10 


52 


RxC Period 


1000 


DC 


800 


DC 


ns 


9 


53 


RxC Width Low 


180 


DC 


180 


DC 


ns 




54 


RxC Width High 


180 


DC 


180 


DC 


ns 




55 


RxD to RxC High Setup Time (X1 mode) 












ns 




56 


RxC High to RxD Hold Time (X1 mode) 


140 




140 




ns 




57 


RxC High to INTR Low Delay 


10 


13 


10 


13 


CLK's 


10 


58 


RxC High to SYNC Low Delay (output modes) 


4 


7 


4 


7 


CLK's 


10 


59 


RESET Low 


1 




1 




CLK 


10 


60 


XTAL 1 Width High (TTL in) 


100 




80 




ns 




61 


XTAL 1 Width Low (TTL in) 


100 




80 




ns 




62 


XTAL 1 Period (TTL in) 


250 


2000 


200 


2000 


ns 




63 


XTAL 1 Period (crystal in) 


250 


1000 


200 


1000 


ns 





This specification only applies if the SIO has completed all operations initiated by the previous bus cycle, when CS or 
IACK was asserted. Following a re ad, wr ite, or int errupt acknoledge cycle, all operations are complete within two CLK cy- 
cles after the rising edge of CS or IACK. If CS or IACK is asserted prior to the completion of the internal operations, the 

new bus cycle will be postponed. 

If IEI meets the setup time to the falling edge of CLK, 1 1/2 cycles following the clocking in of IACK. 
No internal interrupt request pending at the start of an interrupt acknoledge cycle. 
Time starts when first signal goes invalid (high). 

If an internal interrupt is pending at the end of the interrupt acknoledge cycle. 
If Note 2 timing is not met. 

If this spec is met, the delay listed in Note 1 will be one CLK cycle instead of two. 

R eady sign als w ill be negated asynchronous to the CLK, if the condition causing the as sertio n of the s ignals is cleared. 
If RxC and TxC are asynchronous to t he Sy ste m Clo ck, the maximum clock rate into RxC and TxC should be no more 
than one-fifth the S ystem Clo ck ra te. If RxC and TxC are synchronized to the falling edge of the System Clock, the maxi- 
mum clock rate into RxC and TxC can be one-fourth the System Clock rate. 

System Clock. 

Due to the dynamic nature of the internal data bus, if CS is held low for more than a few hundred milliseconds the read 
data may go to OOH before the end of the cycle. 
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Figure 13 : Output Test Load. 



Figure 14 : INTR Test Load. 




For all Outputs Except DTAC K, D0-D7 

INTR, XTAL2 
C L = 130pf 
Rl = 16KG 
Ri = 45 0Q 

for DTACK, D0-D7 

Cl = 130pf 
Rl = 6KQ 
Ri = 200Q 



+5Vdc 



R, 740 il 



INTR O" 



-*- C L 130pf 



Note : XTAL2 Output Test Load is a Crystal. 



Figure 15 : Read Cycle. 




Note : Waveform Measurement for all Inputs and Outputs are Specified at Logic High = 2.0 Volts, Logic Low = 0.8 Volts. 
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Figure 16: Write Cycle. 
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Note : Waveform Measurements for all Inputs and Outputs are Specified at Logic High = 2.0 Volts, Logic Low = 0.8 Volts. 
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Figure 17 : Interrupt Acknoledge Cycle (IEI low). 
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Note : Waveform Measurements for all Inputs and Outputs are Specified at Logic High = 2.0 Volts, Logic Low = 0.8 Volts. 



*57 



SGS-THOMSON 

Rifl0©[S®IILil(gTri3©0i0D©i 



41/46 



347 



MK68564 



Figure 18 : Interrupt Acknoledge Cycle (I El high). 
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Note : Waveform Measurements for all Inputs and Outputs are Specified at Logic High = 2.0 Volts, Logic Low = 0.8 Volts. 
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Figure 19 : DMA Interface Timing. 
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Note : Waveform Measurements for all Inputs and Outputs are Specified at Logic High = 2.0 Volts, Logic Low = 0.8 Volts. 
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Figure 20 : Serial Interface Timing. 
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Note : Waveform Measurements for all Inputs and Outputs are Specified at Logic High = 2.0 Volts, Logic Low = 0.8 Volts. 
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MK68564 52-PIN 

Plastic Leader Chip Carrier (Q) 



Pin 1 identificotion 



19,050 



19,202 




|TOf^ 



1753 



e a 1.27 , |e |e|e|e[eje|e|e|e|e|e|e|_- " ~ mwtt 

Typ. 



m r 66l 



*| I I - 0,812 

, 0.331 
0.533 



52 1 



MK68564 48-PIN 

Plastic Dual-IN-Line Package 



> s 2.54 



e max 4,57max 



5.08 max 



i e l e r*y* er i e r i e r ^ 




0.508 



■ ^ 16.1 max. ^i 



. 1,77 max 



0.51 min 



.L_02_ A. 



15,24 



^ 



3" 



Tl l-l l-ll-l 



// 



?r 



i n r-inmm 



x 



// 



// 



UUUUUUUUUl 



63. 5 max . 



(1) Nominal dimension 

(2) True geometrical position 
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MK68564 ORDERING INFORMATION 


Part No. 


Package Type 


Max. Clock Frequency 


Temperature Range 


MK68564N-04 


Plastic 


4.0 MHz 


0° to 70 °C 


MK68564N-05 


Plastic 


5.0 MHz 


0° to 70 °C 


MK68564Q-04 


PLCC 


4.0 MHz 


0° to 70 °C 


MK68564Q-05 


PLCC 


5.0 MHz 


0° to 70 °C 
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MULTI-FUNCTION PERIPHERAL 








■ 8 INPUT/OUTPUT PINS 






• Individually programmable direction 






• Individual interrupt source capability 






_ Programmable edge selection 






. 16 SOURCE INTERRUPT CONTROLLER 


j^>^ j 


fc»»w 


• 8 Internal sources 


*C^\ ^ 


^>. 


• 8 External sources 


%JtaJ^\ ™ 


W&L. yfe>^ 


• Individual source enable 




^%£^0 


• Individual source masking 


^s?/ 


• Programmable interrupt service modes 


Wf 


'•V7 


_ Polling 


PDIP-48 


CDIP-48 


- Vector generation 






_ Optional In-service status 






• Daisy chaining capability 






. FOUR TIMERS WITH INDIVIDUALLY PRO- 






GRAMMABLE PRESCALING 






• Two multimode timers 






_ Delay mode 






_ Pulse width measurement mode 






_ Event counter mode 


Figure 1 : Pin connections. 




• Two delay mode timers 










• Independent clock input 


R/W [ 




48] CS 


• Time out output option 


A1 [ 




471I fr^ 


■ SINGLE CHANNEL USART 


A2[ 


3 


46 


] DTACK 


• Full Duplex 

• Asynchronous to 65 kbps 


A3[ 


4 
5 


45 


] JACK 


• Byte synchronous to 1 Mbps 


A5 [ 

tc q 






] D7 


• Internal/External baud rate generation 


6 


43 


] D6 


• DMA handshake signals 


7 


42 


] D5 


• Modem control 


SO [ 


8 


41 


] D4 


• Loop back mode 


si[ 


9 


40 


]D3 


■ 68000 BUS COMPATIBLE 


RC [ 


10 


39 


]D2 


■ 48 PIN DIP OR 52 PIN PLCC 


vcct 


11 


38 


JD1 




NC[ 


12 MK68901 


37 


]D0 


DESCRIPTION 


TAO [ 


13 


36 


] GND 




TBO [ 


K MFP 


35 


] CLK 


The MK68901 MFP (Multi-Function Peripheral) is a 


TCO [ 


15 


34 


] fEI 


combination of many of the necessary peripheral 


TDO [ 


16 


33 


j lliO 


functions in a microprocessor system. 


XTAL1 [ 


17 


32 


3 INTR 


Included are : 












XTAL2 [ 


18 


31 


]RR 


Eight parallel I/O lines 


TAI [ 


19 


30 


]TR 


Interrrupt controller for 1 6 sources 


TBI [ 


20 


29 


]I7 


Four timers 


RESET [ 


21 


28 


]I6 


Single channel full duplex USART 


10 [ 


22 


27 


]I5 


The use of the MFP in a system can significantly re- 


H [ 


23 


26 


]I4 


duce chip count, thereby reducing system cost. The 
MFP is completely 68000 bus compatible, and 24 


12 [ 


24 


25 


]I3 


V000350 


directly addressable internal registers provide the 
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necessary control and status interface to the pro- 
grammer. 

The MFP is a derivative of the MK3801 STI, a Z80 
family peripheral. 

PIN DESCRIPTION 



GND: 

Vcc: 

CS: 



DS: 



R/W: 



DTACK : 



A1-A5: 



D0-D7 : 



CLK: 



RESET : 



INTR: 



Ground 
+5 volts (± 5%) 

Chip Select (input, active, low). CS is 
used to select the MK68901 MFP for ac- 
cesse s to the internal registers. CS and 
IACK must not be asserted at the same 
time. 

Data Strobe (input, active low). DS is 
used as part of the chip select and inter- 
rupt acknowledge functions. 

Read/Write (input). R/W is the signal 
from the bus master indicating whether 
the current bus cycle is a Read (High) or 
Write (Low) cycle. 

Data Transfer Ackno wledge, (o utput, ac- 
tive low, tri-stateable) DTACK is used to 
signal the bus master that data is ready, 
or that data has been accepted by the 
MK68901 MFP. 

Address Bus (inputs). The adress bus is 
used to adress one of the internal regis- 
ters during a read or write cycle. 

Data Bus (bi-directional, tri-stateable). 
The data bus is used to receive data from 
or transmit data to one of the internal re- 
gisters during a read or write cycle. It is 
also used to pass a vector during an in- 
terrupt acknowledge cycle. 

Clock (input). This input is used to pro- 
vide the internal timing for the MK68901 
MFP. 

Device reset, (input, active low). Reset 
disables the USART receiver and trans- 
mitter, stops all timers and forces the ti- 
mer outputs low, disables all interrupt 
channels and clears any pending inter- 
rupts. The General Purpose Interrupt/I/O 
lines will be placed in the tri-state input 
mode. All internal registers (except the ti- 
mer, USART data registers, and transmit 
status register) will be cleared. 

Interrupt Re quest (output, active low, 
open drain). INTR is asserted when the 
MK68 901 MFP is requesting an interrupt. 
INTR is negated during an interrupt ac- 
knowledge cycle or by clearing the pen- 



ding interrupt(s) through software. 

IACK : Inter rupt Acknowledge (input, active 
low). IACK is used to signal the MK68901 
MFP that tine CP U is a cknowledging an 
interrupt. CS and lACk must not be as- 
serted at the same time. 

IEI : Interrupt Enable In (input, active low). IEI 

is used to signal the MK68901 MFP that 
no higher priority device is requesting in- 
terrupt service. 

IE.0 : Interrupt Enable Out (output, active low). 
!EO is used to signal lower priority peri- 
pherals that neither the MK68901 MFP 
nor another higher priority peripheral is 
requesting interrupt service. 

10-17: General Purpose Interrupt I/O lines. 
These lines may be used as interrupt in- 
puts and/or I/O lines. When used as in- 
terrupt inputs, their active edge is pro- 
grammable. A data direction register is 
used to define which lines are to be Hi-Z 
inputs and which lines are to be push-pull 
TTL compatible outputs. 

50 : Serial Output. This is the output of the 

USART transmitter. 

51 : Serial Input. This is the input to the 

USART receiver. 

RC : Receiver Clock. This input controls the 

serial bit rate of the USART receiver. 

TC : Transmitter Clock. This input controls the 

serial'bit rate of the USART transmitter. 

RR : Receiver Ready, (output, active low) 

DMA output for receiver, which reflects 
the status of Buffer Full in port number 
15. 

TR : Transmitter Ready, (output, active low) 

DMA output for transmitter, which re- 
flects the status of Buffer Empty in port 
number 16. 

TAO,TBO, Timer Outputs. Each of the four timers 
TCO,TDO:has an output which can produce a 
square wave, the output will change 
states each timer cycle ; thus one full pe- 
riod of the timer out signal is equal to two 
timer cycles. TAO or TBO can be reset 
(logic "O") by a write to TACR, or TBCR 
respectively. 

XTAL1, Timer Clock inputs. A crystal can be 
XTAL2 : connected between XTAL1 and XTAL2, 
or XTAL1 can be driven with a TTL level 
clock. When driving XTAL1 with a TTL le- 
vel clock, XTAL2 must be allowed to float. 
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TAITBI : 



When using a crystal, external capacitors 
are required. See figure 33. All chip ac- 
cesses are independent of the timer 
clock. 

Timer A, B inputs. Used when running the 
timers in the event count or the pulse 



width measurement mode. The interrupt 
channels associated with 14 and 13 are 
used forTAI and TBI, respectively. Thus, 
when running a timer in the pulse width 
measurement mode, 14 or 13 can be 
used for I/O only. 



Figure 3 : MK68901 Block Diagram. 
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Figure 4 : Register Map. 



Address Port N°. 


Abbreviation 


Register Name 



1 
2 


GPIP 
AER 
DDR 


GENERAL PURPOSE I/O 
ACTIVE EDGE REGISTER 
DATA DIRECTION REGISTER 


3 
4 
5 
6 
7 
8 
9 
A 
B 


ERA 
IERB 
IPRA 
IPRB 
ISRA 
ISRB 
IMRA 
IMRB 
VR 


INTERRUPT ENABLE REGISTER A 
INTERRUPT ENABLE REGISTER B 
INTERRUPT PENDING REGISTER A 
INTERRUPT PENDING REGISTER B 
INTERRUPT IN-SERVICE REGISTER A 
INTERRUPT IN-SERVICE REGISTER B 
INTERRUPT MASK REGISTER A 
INTERRUPT MASK REGISTER B 
VECTOR REGISTER 


C 
D 

E 
F 

10 
11 
12 


TACR 
TBCR 
TCDCR 
TADR 
TBDR 
TCDR 
TDDR 


TIMER A CONTROL REGISTER 
TIMER B CONTROL REGISTER 
TIMERS C AND D CONTROL REGISTER 
TIMER A DATA REGISTER 
TIMER B DATA REGISTER 
TIMER C DATA REGISTER 
TIMER D DATA REGISTER 


13 
14 
15 
16 
17 


SCR 
UCR 
RSR 
TSR 
UDR . 


SYNC CHARACTER REGISTER 
USART CONTROL REGISTER 
RECEIVER STATUS REGISTER 
TRANSMITTER STATUS REGISTER 
USART DATA REGISTER 



INTERRUPTS 

The General Purpose l/O-lnterrupt Port (GPIP) pro- 
vides eight I/O lines that may be operated either as 
inputs or outputs under software control. In addition, 
each line may generate an interrupt in either a po- 
sitive going edge or a negative going edge of the in- 
put signal. 

The GPIP has three associated registers. One al- 
lows the programmer to specify the Active Edge for 
each bit that will trigger an interrupt. Another regis- 
ter specifies the Data Direction (input or output) as- 
sociated with each bit. The third register is the ac- 
tual data I/O register used to input or output data to 
the port. These three registers are illstrated in figure 
5. 

The Active Edge Register (AER) allows each of the 
General Purpose Interrupts to provide an interrupt 
on either a 1-0 transition or a 0-1 transition. Writing 
a zero to the appropriate bit of the AER causes the 
associated input to produce an interrupt on the 1-0 
transition. The edge bit is simply one input to an ex- 
clusive-or gate, with the other input coming from the 
input buffer ant the output going to a 1-0 transition 
detector. Thus, depending upon the state of the in- 
put, writing the AER can cause an interrupt-produ- 
cing transition, which will cause an interrupt on the 



associated channel, if that channel is enabled. One 
would then normally configure the AER before 
enabling interrupts via ERA and IERB. 

Note : Changing the edge bit, with the interrupt 
enabled, may cause an interrupt on that channel. 

The Data Direction Register (DDR) is used to define 
10-17 as inputs or as outputs on a bit by bit basis. 
Writing a zero into a bit of the DDR causes the cor- 
responding Interrupt-I/O pin to be a Hi-Z input. Wri- 
ting a one into a bit of the DDR causes the cor- 
responding pin to be configured as a push-pull out- 
put. When data is written into the GPIP, those pins 
defined as inputs will remain in the Hi-Z state while 
those pins defined as outputs will assume the state 
(high or low) of their corresponding bit in the GPIP. 
When the GPIP is read, the data read will come di- 
rectly from the corresponding bit of the GPIP regis- 
ter for all pins defined as output, while the data read 
on all pins defined as inputs will come from the in- 
put buffers. 

Each individual function in the MK68901 is provided 
with a unique interrupt vector that is presented to 
the system during the interrupt acknowledge cycle. 
The interrupt vector returned during the interrupt ac- 
knowledge cycle is shown in figure 6, while the vec- 
tor register is shown in figure 7. 
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There are 1 6 vector addresses generated internal- 
ly by the MK68901 , one for each of the 1 6 interrupt 
channels. 

The Interrupt Control Registers (figure 8) provide 
control of interrupt processing for all I/O facilities of 
the MK68901 . These registers allow the program- 
Figure 5 : General Purpose I/O Registers. 



mer to enable or disable any or all of the 16 inter- 
rupts, providing masking for any interrupt, and pro- 
vide access to the pending and in-service status of 
the interrupt. Optional end-of-interrupt modes are 
available under software control. All the interrupts 
are prioritized as shown in figure 9. 



ACTIVE EDGE REGISTER 



PORT1 (AER) 



PORT 2 (DDR) 



PORT (GPIP) 



GPIP 

7 


GPIP 
6 


GPIP 

5 


GPIP 
4 


fPIP 
3 


GPIP 

2 


GPIP 
1 


GPIP 



DATA DIRECTION REGISTER 


GPIP 

7 


GPIP 
6 


GPIP 
5 


GPIP 

4 


GPIP 
3 


GPIP 

2 


GPIP 

1 


GPIP 



GENERAL PURPOSE I/O DATA REGISTER 




GPIP 

7 


GPIP 
6 


GPIP 

5 


GPIP 
4 


GPIP 
3 


GPIP 

2 


GPIP 
1 


GPIP 




1 RISING 
FALLING 



1 OUTPUT 
INPUT 
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Figure 6 : Interrupt Vector. 
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Figure 7 : Vector Register. 



* 


Port B (VR) 

• 

Unused bits: read as zero 


















V 7 


V 6 


V 5 


v« 


s 


* 


* 


* 










J 


I 










S 




■ s> ln~&ervice negisier tnaoie 

Upper 4 bits of the Vector register. 
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Figure 8 : Interrupt Control Registers. 



ADDRESS 
PORT 3 



PORT 4 





7 


6 


INTERRUPT ENABLE REGISTERS 
5 4 3 2 


1 





A 

(IERA) 


GPIP 
7 


GPIP 
6 


TIMER 
A 


RCV j RCV 
Buffer 
Full j Error 


XMIT 
Buffer 
Empty 


XMIT 
Error 


TIMER 
B 














B 

(IERB) 


GPIP 
5 


GPIP 
4 


TIMER 
C 


TIMER 
D 


GPIP 
3 


GPIP 
2 


GPIP 

1 


GPIP 




PORTS 



PORTS 



A 
(ISRA) 

B 

(ISRB) 



PORT 9 









INTERRUPT PENDING REGISTERS 








7 


6 


5 4 3 2 


1 





A 


GPIP 


GPIP 


TIMER 


RCV 

Buffer 

Full 


RCV 


XMIT 
Buffer 
Empty 


XMIT 


TIMER 


(IPRA) 


7 


6 


A 


Error 


Error 


B 














B 


GPIP 


GPIP 


TIMER 


TIMER 


GPIP 


GPIP 


GPIP 


GPIP 


(IPRB) 


b 


4 


C 


D 


3 


2 


1 






WRITING CLEAR 
WRITING 1 UNCHANGED 



INTERRUPT IN-SERVICE REGISTERS 
5 4 3 2 



GPIP 
7 


GPIP 
6 


TIMER 
A 


RCV 

Buffer 

Full 


RCV 

Error 


XMIT 
Buffer 
Empty 


XMIT 
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Figure 9 : Interrupt Control Register Definitions 


Priority 


Channel 


Description 


HIGHEST 


1111 


General Purpose Interrupt 7(17) 




1110 


General Purpose Interrupt 6(16) 




1101 


Timer A 




1100 


Receive Buffer Full 




1011 


Receive Error 




1010 


Transmit Buffer Empty 




1001 


Transmit Error 




1000 


Timer B 




0111 


General Purpose Interrupt 5(15) 




0110 


General Purpose Interrupt 4(14) 




0101 


Timer C 




0100 


Timer D 




0011 


General Purpose Interrupt 3(13) 




0010 


General Purpose Interrupt 2(12) 




0001 


General Purpose Interrupt 1(11) 


LOWEST 


0000 


General Purpose Interrupt 0(10) 



Interrupts may be either polled or vectored. Each 
channel may be individual enabled or disabled by 
writing a one or a zero in the appropriate bit of Inter- 
rupt Enable Registers (IERA, IERB - see figure 8 for 
all registers in this section). When disabled, an in- 
terrupt channel is completely inactive. Any internal 
or external action which would normally produce an 
interrupt on that channel is ignored and any pending 
interrupt on that channel will be cleared by disabling 
that channel. Disabling an interrupt channel has no 
effect on the corresponding bit in Interrupt In-Ser- 
vice Registers (ISRA, ISRB) ; thus, if the In-service 
Registers are used and an interrupt is in service on 
that channel when the channel is disabled, it will re- 
main in service until cleared in the normal manner. 
IERA and IERB are also readable. 

When an interrupt is received on an enabled chan- 
nel, its corresponding bit in the pending register will 
be set. When that channel is acknowledged it will 
pass its vector, and the corresponding bit in the In- 
terrupt Pending Register (IPRA or IRPB) will be 
cleared. IPRA and IPRB are readable ; thus by pol- 
ling IPRA and IPRB, it can be determined whether 
a channel has a pending interrupt. IPRA and IPRB 
are also writeable and a pending interrupt can be 
cleared without going through the acknowledge se- 
quence by writing a zero to the appropriate bit. This 
allows any one bit to be cleared, without altering any 
other bits, simply by writing all ones except for the 
bit position to be cleared to IPRA or IPRB. Thus a 
fully polled interrupt scheme is possible. Note : wri- 
ting a one to IPRA, IPRB has no effect on the inter- 
rupt pending register. 



The interrupt mask registers (IMRA and IMRB) may 
be used to block a channel from making an interrupt 
request. Writing a zero into the corresponding bit of 
the mask register will still allow the channel to re- 
ceive an interrupt and latch it into its pending bit (if 
that channel is enabled), but will prevent that chan- 
nel from making an interrupt request. If that channel 
is causing an interrupt request at the time the cor- 
responding bit in the mask register is cleared, the 
request will ce ase. If no other channel is making a 
request, INTR will go inactive. If the mask bit is re- 
enabled, any pending interrupt is now free to re- 
sume its request unless blocked by a higher priori- 
ty request for service. IMRA and IMRB are also rea- 
dable . A conceptual circuit of an interrupt channel 
is shown in figure 10. 
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Figure 10 : A Conceptual Circuit of an Interrupt Channel. 
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There are two end-of-interrupt modes : the automa- 
tic end-of-interrupt mode and the software end-of- 
interrupt mode. The mode is selected by writing a 
one or a zero to the S bit of the Vector Register (VR). 
If the S bit of the VR is a one, all channels operate 
in the software end-of-interrupt mode. If the S bit is 
a zero, all channels operate in the automatic end- 
of-interrupt mode, and a reset is held on all in-ser- 
vice bits. In the automatic end-of-interrupt mode, the 
pending bit is cleared when that channel passes its 
vector. At that point, no further history of that inter- 
rupt remains in the MK68901 MFP. In the software 
end-of-interrupt mode, the in-service bit is set and 
the pending bit is cleared when the channel passes 
its vector. With the in-service bit set, no lower prio- 
rity channel is allowed to request an interrupt or to 
pass its vector during an acknowledge sequence ; 
however, a lower priority channel may still receive 
an interrupt and latch it into the pending bit. A higher 
priority channel may still request an interrupt and be 



acknowledged. The in-service bit of a particular 
channel may be cleared by writing a zero to the cor- 
responding bit in ISRA or ISRB. Typically, this will 
be done at the conclusion of the interrupt routine just 
before the return. Thus no lower priority channel will 
be allowed to request service until the higher priori- 
ty channel is complete, while channels of still higher 
priority will be allowed to request service. While the 
in-service bit is set, a second interrupt on that chan- 
nel may be received and latched into the pending 
bit, though no service request will be made in 
response to the second interrupt until the in-service 
bit is cleared. ISRA and ISRB may be read at any 
time. Only a zero may be written into any bit of IS- 
RA and ISRB ; thus the in-service bits may be clea- 
red in software but cannot be set in software. This 
allows any one bit to be cleared, without altering any 
other bits, simply by writing all ones except for the 
bit position to be cleared to ISRA or ISRB, as with 
IPRAandlPRB. 



Figure 11 a : A Conceptual Circuit of the MK68901 MFP Daisy Chaining 
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Figure 11b: Daisy Chaining. 
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Each interrupt channel responds with a discrete 8- 
bit vector when acknowledged. The upper four bits 
of the vector are set by writing the upper four bits of 
the VR. The four low order bits (bit 3-bit 0) are ge- 
nerated by the interrupting channel. 

To acknowledge an interrupt, IACK goes low, the 
IEI input must go low (or be tied low) and the 
MK68901 MFP must have an acknowledgeable in- 
terrupt pending. The Daisy Chaining capability (fi- 
gure 11) re quires that all parts in a chai n have a com- 
mon IACK. When the common IACK goes low, all 
parts freeze and prioritize interrupts in parallel. Then 
priority is passed down the chain, via IEI and IEO, 
until a part which has a pending interrupt is reached. 
The part with the pending interrupt, passes a vec- 
tor, doe s not propagate IEO, and generates 
DTACK. 

Figure 9 describes the 1 6 prioritized interrupt chan- 
nels. As chown, General Purpose Interrupt 7 has the 
highest priority, while General Purpose Interrupt 
is assigned the lowest priority. Each of these chan- 
nels may be reprioritized, in effect, by selectively 
masking interrupts under software control. The bi- 
nary numbers under "channel" correspond to the 
modified bits IV3, IV2, IV1 and IVO, respectively, of 
the Interrupt Vector for each channel (see figure 6). 

Each channel has an enable bit contained in IERA 
or IERB, a pending latch contained in IPRAor IPRB, 
a mask bit contained in IMRA or IMRB, and an in- 
service latch contained in ISRA or ISRB. Additional- 
ly, the eight General Purpose Interrupts each have 
an edge bit contained in the Active Edge Register 
(AER), a bit to define the line as input or output 
contained in the Data Direction Register (DDR) and 



an I/O bit in the General Purpose Interrupt-I/O Port 
(GPIP). 

TIMERS 

There are four timers on the MK68901 MFP. Two of 
the timers (Timer A and Timer B) are full function ti- 
mers which can perform the basic delay function 
and can also perform event counting, pulse width 
measurement, and waveform generation. The other 
two timers (Timer C and Timer D) are delay timers 
only. One or both of these timers can be used to 
supply the baud rate clocks for the USART. All ti- 
mers are prescaler/counter timers with a common 
independent clock input (XTAL1 , XTAL2). In addi- 
tion, all timers have a time-out output, function that 
toggles each time the timer times out. 
The four timers are programmed via three Timer 
Control Registers and four Timer Data Registers. Ti- 
mers A and B are controlled by the control registers 
TACR and TBCR, respectively (see figure 12), and 
by the data registers TADR and TBDR (figure 13). 
Timers C and D are controlled by the control regis- 
ter TCDCR (see figure 14) and two data registers 
TCDR and TDDR. Bits in the control registers allow 
the selection of operational mode, prescale, and 
control white the data registers are used to read the 
timer or write into the time constant register. Timer 
A and B input pins TAI and TBI, are used for the 
event and pulse width modes for timers A and B. 

With the timer stopped, no counting can occur. The 
timer contents will remain unaltered while the timer 
is stopped (unless reloaded by writing the Timer Da- 
ta Register), but any residual count in the prescaler 
will be lost. 
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Figure 12 : Timer A and B Control Registers. 
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110 Delay Mode. 1 00 Prescale 

111 Delay Mode. 200 Prescale , 
10 Event Count Mode 

10 1 Pulse Width Mode. 4 Prescale 

10 10 Pulse Width Mode. 10 Prescale 

1 O 1 1 Pulse Width Mode. 1 6 Prescale 
110 Pulse Width Mode. 50 Prescale 
110 1 Pulse Width Mode. : 64 Prescale 

1110 Pulse Width Mode. 100 Prescale 

1111 Pulse Width Mode. : 200 Prescale 
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* Unused bits : read as zeros. 

In the delay mode, the prescaler is always active. 
A count pulse will be applied to the main timer unit 
each time the prescribed number of timer clock cy- 
cles has elapsed. Thus, if the prescaler is program- 
med to divide by ten, a count pulse will be applied 
to the main counter every ten cycles of the timer 
clock. 

Each time a count pulse is applied to the main coun- 
ter, it will decrement its contents. The main counter 
is initially loaded by writing to the Timer Data Regis- 
ter. Each count pulse will cause the current count to 
decrement. When the timer has decremented down 
to "01 " , the next count pulse will not cause it to de- 
crement to "00". Instead, the next count pulse will 
cause the timer to be reloaded from the Timer Da- 
ta Register. Additionally, a "Time out" pulse will be 
produced. This Time Out pulse is coupled to the ti- 
mer interrupt channel, and, if that channel is en- 
abled, an interrupt will be produced. The Time Out 
pulse is also coupled to the timer output pin and will 
cause the pin to change states. The output will re- 
main in this new state until the next Time Out pulse 
occurs. Thus the output will complete one full cycle 
for each two Time Out pulses. 

If, for example, the prescaler were programmed to 
divide by ten, and the Timer Data Register were loa- 



ded with 100 (decimal), the main counter would de- 
crement once for every ten cycles of the timer clock. 
A Time Out pulse will occur (hence an interrupt if 
that channel is enabled) every 1 000 cycles of the ti- 
mer clock, and the timer output will complete one 
full cycle every 2000 cycles of the timer clock. 

The main counter is an 8-bit binary down counter. It 
may be read at any time by reading the Timer Data 
Register. The information read is the information 
last clocked into the timer read register when the DS 
pin had last gone high prior to the current read cy- 
cle. When written, data is loaded into the Timer Da- 
ta Register, and the main counter, if the timer is stop- 
ped. If the Timer Data Register is written while the 
timer is running, the new word is not loaded into the 
timer until it counts through H"01 ". However, if the 
timer is written while it is counting through H"01 ", an 
indeterminate value will be written into the timer 
constant register. This may be circumvented by en- 
suring that the data register is not written when the 
count is H"01". 

If the main counter is loaded with "01 ", a Time Out 
Pulse will occur every time the prescaler presents 
a count pulse to the main counter. If loaded with 
"00", a Time Out pulse will occur every 256 count 
pulses. 
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Figure 13 : Timer Data Registers (A, B, C, and D). 



Figure 14 : Timer C and D Register. 
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' Unused bits : read as zeros. 
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Figure 15 : A Conceptual Circuit of the MFP Timers in the Pulse Width Measurement Mode. 
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Changing the prescale value with the timer running 
can cause the first Time Out pulse to occur at an in- 
determinate time, (no less than one nor more than 
200 timer clock cycles times the number in the time 
constant register), but subsequent Time Out pulses 
will then occur at the correct interval. 

In addition to the delay mode described above, Ti- 
mers A and B can also function in the Pulse Width 
Measurement mode or in the Event Count mode. In 
either of these two modes, an auxiliary control si- 
gnal is required. The auxiliary control input for Timer 
A is TAI, and for Timer B, TBI is used. The interrupt 
channels associated with 1 4 and 1 3 are used for TAI 
and TBI, respectively, in Pulse Width mode. See Fi- 
gure 15. 

The pulse width measurement mode functions 
much like the delay mode. However, in this mode, 
the auxiliary control signal on TAI or TBI acts as an 
enable to the timer. When the control signal on TAI 
or TBI is inactive, the timer will be stopped. When it 
is active, the prescaler and main counter are allo- 
wed to run. Thus the width of the active pulse on TAI 
or TBI is determined by the number of timer counts 
which occur while the pulse allows the timer to run. 
The active state of the signal on TAI or TBI is de- 
pendent upon the associated Interrupt Channel's 
edge bit (GPIP 4 for TAI and GPIP 3 for TBI : see 
Active Edge Register in figure 5). If the edge bit as- 



sociated with the TAI or TBI input is a one, it will be 
active high ; thus the timer will be allowed to run 
when the input is at a high level. If the edge bit is a 
zero, the TAI or TBI input will.be active low. As pre- 
viously stated, the interrupt channel (13 or 14) as- 
sociated with the input still functions when the timer 
is used in the pulse width measurement mode. Ho- 
wever, if the timer is programmed for the pulse width 
measurement mode, the interrupt caused by tran- 
sitions on the associated TAI or TBI input will occur 
on the opposite transition. 

For example, if the edge bit associated with the TAI 
input (AER-GPIP 4) is as one, an interrupt would 
normally be generated on the 0-1 transition of the 
14 input signal. If the timer associated with this in- 
put (Timer A) is placed in the pulse width measure- 
ment mode, the interrupt will occur on the 1-0 tran- 
sition of the TAI signal instead. Because the edge 
bit (AER-GPIP 4) is a one, Timer A will be allowed 
to count while the input is high. When the TAI input 
makes the high to low transition, Timer A will stop, 
and it is at this point that the interrupt will occur (as- 
suming that the channel is enabled). This allows the 
interrupt to signal the CPU that the pulse being mea- 
sured has terminated ; thus Timer A may now be 
read to determine the pulse width. (Again note that 
13 and 14 may still be used for I/O when the timer 
is in the pulse width measurement mode). If Timer 
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A is reprogrammed for another mode, interrupts will 
again occur on the transition, as normally defined 
by the edge bit. Note that, like changing the edge 
bit, placing the timer into or taking it out of the pulse 
width mode can produce a transition on the signal 
to the interrupt channel and may cause an interrupt. 
If measuring consecutive pulses, it is obvious that 
one must read the contents of the timer and then 
reinitialize the main counter by writing to the timer 
data register. If the timer data register is written while 
the pulse is going to the active state, the write ope- 
ration may result in an indeterminate value being 
written into the main counter. If the timer is written 
after the pulse goes active, the timer counts from 
the previous contents, and when it counts through 
H"01 ", the correct value is written into the timer. The 
pulse width then includes counts from before the ti- 
mer was reloaded. 

In the event count mode, the prescaler is disabled. 
Each time the control input on TAI or TBi makes an 
active transition as defined by the associated Inter- 
rupt Channel's edge bit, a count pulse will be gene- 
rated, and the main counter will decrement. In all 
other respects, the timer functions as previously 
described. Altering the edge bit while the timer is in 
the event count mode can produce a count pulse. 
The interrupt channel associated with the input (13 
for 14 for TAI) is allowed to function normally. To 
count transitions reliably, the input must remain in 
each state (1/0) for a length of time equal to four pe- 
riods of the timer clock ; thus signals of a frequency 
up to one fourth of the timer clock can be counted. 

The manner in which the timer output pins toggle 
states has previously been described. All timer out- 
puts will be forced low by a device RESET. The out- 
put associated with Timers A and B will toggle on 
each Time Out pulse regardless of the mode the ti- 
mers are programmed to. In addition, the outputs 
from Timers A and B can be forced low at any time 
by writing a "1" to the reset location in TACR and 

Figure 16 : USART Data Register. 



TBCR, respectively. The output will be forced to the 
low state during the WRITE operation, and at the 
conclusion of the operation, the output will again be 
free to toggle each time a Time Out pulse occurs. 
This feature will allow waveform generation. 
During reset, the Timer Data Registers and the main 
counters are not reset. Also, if using the reset op- 
tion on Timers A or B, one must make sure to keep 
the other bits in the correct state so as not to affect 
the operation of Timers A and B. 

USART 

Serial Communication is provided by a full-duplex 
double-buffered USART, which is capable of either 
asynchronous or synchronous operation. Variable 
word length and start/stop bit configurations are 
available under software control for asynchronous 
operation. For synchronous operation, a Sync Word 
is provided to establish synchronization during re- 
ceive operations. The Sync Word will also be repea- 
tedly transmitted when no other data is available for 
transmission. Moreover, the MK68901 allows strip- 
ping of all Sync Words received in synchronous ope- 
ration. The handshake control lines RR (Receiver 
Ready) and TR (Transmitter Ready) allow DMA 
operation. Separate receive and transmit clocks are 
available, and separate receive and transmit status 
and data bytes allow independent operation of the 
transmit and receive sections. 
The USART is provided with three Control/Status 
Registers and a Data Register. The USART Data 
Register form is illustrated in figure 16. The pro- 
grammer may specify operational parameters for 
the USART via the Control Register, as shown in fi- 
gure 1 7. Status of both the Receiver and Transmit- 
ter sections is accessed by means of the two Sta- 
tus Registers, as shown in figures 18 and 19. Data 
written to the Data Register is passed to the trans- 
mitter, while reading the Data Register will access 
data received by the USART. 
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Figure 17 : USART Control Register (UCR). 
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1 : When this bit is zero, data will be clocked 
into and out of the receiver and transmit- 
ter at the frequency of their respective 
clocks. When this bit is loaded with a one, 
data will be clocked into and out of the re- 
ceiver and transmitter at one sixteenth 
the frequency of their respective clocks. 
Additionally, when placed in the divide by 
sixteen mode, the receiver data transition 
resynchronization logic will be enabled. 

WL0-WL1 :Word Length Control. These two bits set 
the length of the data word (exclusive of 
start bits, stop bits, and parity bits as fol- 
lows: 



WL1 


WLO 


Word Length 





1 
1 




1 



1 


8 Bits 
7 Bits 
6 Bits 
5 Bits 


ST0-ST1 : Start/stop bit control (format control). 
These two bits set the format as follows : 


ST1 


STO 


Start Bits 


Stop Bits 


Format 





t1 

1 




1 



1 



1 
1 
1 




1 

1V2 

2 


SYNC 
ASYNC 
ASYNC 
ASYNC 



PARITY : Parity Enabled. When set ("1 "), parity will 
be checked by the receiver, parity will be 
calculated, and a parity bit will be inser- 
ted by the transmitter. When cleared ("0") 
no parity check will be made and no pa- 
rity bit will be inserted for transmission. 



For a word length of 8 the MFP calculates 
the parity and appends it when transmit- 
ting a sync character. For shorter 
lengths, the parity must be stored in the 
Sync Character Register (SCR) along 
with the sync character. 



E/0: 



Even-Odd. When set ("1"), even parity 
will be used if parity is enabled. When 
cleared ("0"), odd parity will be used if pa- 
rity is enabled. 
Note that the synchronous or asynchronous format 
may be selected independently of a-s- 1 or-*- 1 6 clock. 
Thus it is possible to clock data synchronously into 
the device but still use start and stop bits. In this 
mode, all normal asynchronous format features still 
apply. Data will be shifted in after a start bit is en- 
countered, and a stop bit will be checked to deter- 
mine proper framing. If a transmit underrun condi- 
tion occurs, the output will be placed in a marking 
state, etc. It is conversely possible to clock data in 
asynchronously using a synchronous format. There 
is data transition detection logic built into the receive 
clock circuitry which will re-synchronize the internal 
shift clock on each data transition so that, with suf- 
ficienty frequent data transitions, start bits are not 
required. In this mode, all other common synchro- 
nous features function normally. This re-synchroni- 
zation logic is only active in + 1 6 clock mode. 

RECEIVER 

The receiver section of the USART is configured by 
the UCR as previously described. The status of the 
receiver can be determined by reading and writing 
to the Receiver Status Register (RSR). The RSR is 
configured as follows : 
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Figure 18 : Receiver Status Register (RSR). 
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Buffer Full. This bit is set when the inco- 
ming word is transferred to the receive 
buffer. The bit is cleared when the re- 
ceive buffer is read by reading the UDR. 
This bit of the RSR is read only. 

Overrun Error. This flag is set if the inco- 
ming word is completely received and 
due to be tranferred to the receive buf- 
fer, but the last word in the receive buf- 
fer has not yet been read. When this 
condition occurs, the word in the receive 
buffer is not overwritten by the new word. 
Note that the status flags always reflect 
the status of the data word currently in 
the receive buffer. As such, the OE flag 
is not actually set until the good word cur- 
rently in the buffer has been read. The in- 
terrupt associated with this error will also 
not be generated unti the old word in the 
receive buffer has been read. 

OE flag is cleared by reading the recei- 
ver status register, and new data words 
cannot be shifted to the receive buffer un- 
til this is done. 

Parity Error. This flag is set if the word re- 
ceived has a parity error. The flag is set 
when the received word is tranferred 
from the shift register to the receive buf- 
fer if the error condition exists. The flag 
is cleared when the next word which does 
not have a parity error is tranferred to the 
receive buffer. 

Frame Error. This flag only applies to the 
asynchronous format. A frame error is 
defined as a non-zero data word which is 
not followed by a stop bit. Like the PE 
flag, the FE flag is set or cleared when a 
word is transferred to the receive buffer. 

Found/Search. This combination control 
bit and flag bit is only used with the syn- 
chronous format. It can be set or cleared 
by writing to this bit of the RSR. When 
this bit is cleared, the receiver is placed 
in the search mode. In this mode, a bit by 
bit comparison of the incoming data to 



the character in the Sync Character Re- 
gister (SCR) is made. The word length 
counter is disabled. When a match is 
found, this bit will be set automatically, 
and the word length counter will start as 
sync has not been achieved. An interrupt 
will be generated on the receive error 
channel when the match occurs. The 
word just shifted in will, or necessity, be 
equal to the sync character, and it will not 
be transferred to the receive buffer. 

B : Break. This flag is used only when the 

asynchronous format is selected. This 
flag will be set when an all zero data 
word, followed by no stop bit, is received. 
The flag will stay set until both a non-ze- 
ro bit is received and the RSR has been 
read at least once since the flag was set. 
Break indication will not occur if the re- 
ceive buffer is full. 

M/CIP : Match/Character in Progress. If the syn- 
chronous format is selected, this flag is 
the Match flag. It will be set each time the 
word transferred to the receive buffer 
matches the sync character. It will be re- 
set each time the word transferred to the 
receive buffer does not match the sync 
character. If the asynchronous format is 
selected, this flag represents Character 
in Progress. It will be set upon a start bit 
detect and cleared at the end of the word. 

SS : Sync Strip Enable. If this bit is set to a 

one, data words that match the sync cha- 
racter will not be loaded into the receive 
buffer, and no buffer full signal will be ge- 
nerated. 

RE : Receiver Enable. This control bit is used 

to enable or disable the receiver. If a ze- 
ro is written to this bit of the RSR, the re- 
ceiver will turn off immediately. All flags 
including the F/S bit will be cleared. If a 
one is written to this bit, normal receiver 
operation is enabled. The receive clock 
has to be running before the receiver is 
enabled. 
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There are two interrupt channels associated with the 
receiver. One channel is used for the normal Buffer 
Full condition, while the other channel is used whe- 
never an error condition occurs. Only one interrupt 
is generated per word received, but dedicating two 
channels allows separate vectors : one for the nor- 
mal condition, and one for an error condition. If the 
error channel is disabled, an interrupt will be gen- 
erated via the Butter Full Channel, whether the word 
received is normal or in error. Those conditions 
which produce an interrupt via the error channel 
are : Overrun, Parity Error, Frame Error, Sync 
Found, and Break. If a received word has an error 
associated with it, and the error interrupt channel is 
enabled, an interrupt will occur on the error channel 
only. 

Each time a word is transferred into the receive buf- 
fer, a corresponding set of flags is latched into the 
RSR. No flags (except CIP) are allowed to change 
until the data word has been read from the receive 
buffer. Reading the receive buffer allows a new da- 
ta word to be transferred to the receive buffer when 
it is received. Thus one should first read the RSR 
then read the receive buffer (UDR) to ensure that 
the flags just read match the data word just read. If 
done in the reverse order, it is possible that sub- 
sequent to reading the data word from the receive 
buffer, but prior to reading the RSR, a new word may 
be received and transferred to the receive buffer 
and, with it, its associated flags latched into the 
RSR. Thus, when the RSR is read, those flags may 
actually correspond to a different data word. It is 
good practice, also to read the RSR prior to a data 
read as, when an overrun error occurs, the receiver 
will not assemble new characters until the RSR has 
been read. 

As previously stated, when overrun occurs, the OE 
flag will not be set and the associated interrupt will 
not be generated until the receive buffer has been 
read. If a break occurs, and the receive buffer has 

Figure 19 : Transmitter Status Register (TSR). 



not yet been read, only the B flag will be set (OE will 
not be set). Again, this flag will not be set until the 
last valid word has been read from the receive buf- 
fer. If the break condition ends and another whole 
data word is received before the receive buffer is 
read, both the B and OE flags will be set once the 
receive buffer is read. 

If a break occurs while the OE flag is set, the B flag 
will also be set. 

A break generates an interrupt when the condition 
occurs and again when the condition ends. If the 
break condition ends before it is acknowledged by 
reading the RSR, the receiver error interrupt indica- 
ting end of break will be generated once the RSR is 
read. 

Anytime the asynchronous format is selected, start 
bit detection is enabled. New data is not shifted in- 
to the shift register until a zero bit is detected. If a ■*■ 
1 6 clock is selected, along with the asynchronous 
format, false start bit detection is also enabled. Any 
transition has to be stable for 3 positive going edges 
of the receive clock to be called a valid transition. 
For a start bit to be good, a valid 0-1 transition must 
not occur for 8 positive clock transitions after the ini- 
tial valid 1-0 transition. 

After a good start bit has been detected, valid tran- 
sitions in the data are checked for continously. 
When a valid transition is detected, the counter is 
forced to state zero, and no more transition checking 
is started until state four. At state eight, the "previous 
state" of the transition checking logic is clocked in- 
to the receiver. 

As a result of this resynchronization logic, it is pos- 
sible to run with asynchronous clocks without start 
and stop bits if there are sufficient valid transitions 
in the data stream. This logic also makes the unit 
more tolerant of clock skew for normal asynchro- 
nous communications than a device which employs 
only start bit synchronization. 
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TRANSMITTER 

The transmitter section of the USART is configured 
as to format, word length, etc. by the UCR, as pre- 
viously described. The status of the transmitter can 
be determined by reading or writing the Transmitter 
Status Register (TSR). The TRS is configured as 
follows : 

BE : Buffer Empty. This status bit is set when 

the word in the transmit buffer is transfer- 
red to the output shift register and thus 
the transmit buffer may be reloaded with 
the next data word. The flag is cleared 
when the transmit buffer is reloaded. The 
transmit buffer is loaded by writing to the 
UDR. 

UE : This bit is set when the last word has 

been shifted out of the transmit shift re- 
gister before a new word has been loa- 
ded into the transmit buffer. It is not ne- 
cessary to clear this bit before loading the 
UDR. 

This bit may be cleared by either reading 
the TSR or by disabling the transmitter. 
After the setting of the UE bit, one full 
transmitter clock cycle is required before 
this bit can be cleared by a read. The ti- 
ming in some systems may allow a read 
of the TSR before the required clock cy- 
cle has been completed. This would re- 
sult in the UE bit not being cleared until 
the following read. To avoid this problem, 
a dummy read of the TSR should be per- 
formed at the end of he UE service rou- 
tine. 

Only one underrun error may be genera- 
ted between loads of the UDR regardless 
of the number of transmitter clock cycles 
between UDR loads. 

AT : This bit causes the receiver to be enabled 

at the end of the transmission of the last 
word in the transmitter if the transmitter 
has been disabled. 

END : End or Transmission. When the transmit- 
ter is turned off with a character still in the 
output shift register, transmission will 
continue until that character is shifted 
out. Once it has cleared the output regis- 
ter, the END bit will be set. If no charac- 



H,L: 



ter is being transmitted when the trans- 
mitter is disabled, the transmitter will stop 
at the next rising edge of the internal shift 
clock, and END will immediately be set. 
The END bit is cleared by re-enabling the 
transmitter. 

Break. This control bit will cause a break 
to be transmitted. When a "1" is written 
to the B bit of the TSR, a break will be 
transmitted upon completion of the cha- 
racter (if any) currently being transmitted. 
A break will continue to be transmitted 
until the B bit is cleared by writing a "0" 
tot his bit of the TSR. At that time, normal 
transmission will resume. The B bit has 
no function in the synchronous format. 
Setting the "B" bit to a one keeps the "BE" 
bit from being set to a one. So, if there 
were a word in the buffer at the start of 
break, it would remain there until the end 
of break, at which time it would be trans- 
mitted (if the transmitter is still enabled). 
If the buffer were not full at the start of 
break, it could be written at any time du- 
ring the break. If the buffer is empty at the 
end of break, the underrun flag will be set 
(unless the transmitter is disabled). 

The BREAK bit cannot be set until the 
transmitter has been enabled and the 
transmitter has had sufficient time (one 
clock cycle) to perform the internal reset 
and initialization functions. 

High and Low. These two control bits are 
used to configure the transmitter output, 
when the transmitter is disabled, as fol- 
lows : 

H L Output State 

Hi-Z 

1 Low ("0") 

1 High 

1 1 Loop-Connects transmitter output to 
receiver input, and TC to Receiver Clock 
(RC and SI are not used ; they are by- 
passed internally). In loop back mode, 
transmitter output goes high when disa- 
bled. 
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Figure 20 : SYNC Character Register. 
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Altering these two bits after Transmitter 
Enable (XE) is set will alter the output 
state until END is false. These bits should 
be set prior to enabling the transmitter, 
the state of these bits determine the 
state of the first transmitted character af- 
ter the transmitter is enabled. If the high 
impedance mode was selected prior to 
the transmitter being enabled, the first bit 
transmitted is indeterminate. 



XE 



Transmitter Enable. This control bit is 
used to enable or disable the transmitter. 
When set, the transmitter is enabled. 
When cleared, the transmitter will be di- 
sabled. If disabled, any word currently in 
the output register will continue to be 
transmitted when XE is cleared, the 
transmitter will turn off at the end of the 
break character boundary, and no end of 
break stop bit is transmitted. The trans- 
mit clock must be running before the 
transmitter is enabled A "one" bit always 
precedes the first word out of the trans- 
mitter after the transmitter is enabled. 
There is a delay between the time the 
transmitter enable bit is written an when 
the transmitter reset goes low ; therefore, 
the H & L bits should be written with the 
desired state prior to enabling the trans- 
mitter. 
Like the receiver section, there are two separate in- 
terrupt channels associated with the transmitter. 
The buffer Ernpty condition causes an interrupt via 
one channel, while the Underrun and END condi- 
tions will cause an interrupt via the second channel. 
When underrun occurs in the synchronous format, 
the character in the SCR will be transmitted until a 
new words is loaded into the transmit buffer. In the 
asynchronous format, a "Mark" will be continuously 
transmitted when underrun occurs. 
The transmit buffer can be loaded prior to enabling 
the transmitter. When the transmitter is disabled, 
any character currently in the process of being trans- 
mitted will continue to conclusion, but any character 
in the transmit buffer will not be transmitted and will 
remain in the buffer. Thus no buffer empty interrupt 
will occur nor will the BE flag be ste. If the buffer 
were already empty, the BE flag would be set and 



would remain set. When the transmitter is disabled 
with a character in the output register but with no 
character in the transmit buffer, an Underrun Error 
will not occur when the character in progress 
concludes. 

Often it is necessary to send a break for some par- 
ticular period. To aid in timing a break transmission, 
a transmission, a transmit error interrupt will be ge- 
nerated at every normal character boundary time 
during a break transmission. The status register in- 
formation is unaffected by this error condition inter- 
rupt. It should be noted that an underrun error, if pre- 
sent, must be cleared from the TSR, and the inter- 
rupt pending register must be cleared of pending 
transmitter errors at the beginning of the break 
transmission or no interrupts will be generated at the 
character boundary time. 

It the synchronous format is selected, the sync cha- 
racter should be loaded into the Sync Character Re- 
gister (SCR) as shouwn in figure 20. This character 
is compared to the received serial data during a 
Search, and will be continuously transmitted during 
an underrun condition. 

All flags in the RSR or TSR will continue to function 
as described whether their associated interrupt 
channel is disabled or enabled. All interrupt chan- 
nels are edge triggered and, in many cases, it is the 
actual output of a flag bit or flag bits which is cou- 
pled to the interrupt channel, thus, if a normal inter- 
rupt producing condition occurs while the interrupt 
channel is disabled, no interrupt would be produced 
even if the channel was subsequently enabled, be- 
cause a transition did not occur while the interrupt 
channel was enabled, that particular flag bit would 
have to occur a second time before another "edge" 
was produced, causing an interrupt to be genera- 
ted. 

Error conditions in the USART are determined by 
monitoring the Receive Status Register and the 
Transmitter Status Register. These error conditions 
are only valid for each word boundary and are not 
latched. When executing block tranfers or data, it is 
necessary to save any errors so that they can be 
checked at the end of a block. In order to save er- 
ror conditions during data transfer, the MK68901 
MFP interrupt controller may be used by enabling 
error interrupt for the desired channel (Receive er- 
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ror or Transmit error) and by masking these bits off. 
Once the tranfer is complete, the Interrupt Pending 
Register can be polled, to determine the precence 
of a pending error interrupt, and therefore an error. 

Unused bits in the sync character register are ze- 
roed out ; therefore, word length should be set up 
prior to writing the sync word in some cases. Sync 
word length is the word length plus one when pari- 
ty is enabled. The user has to determine the parity 
of the sync word when the word length is not 8 bits. 
The MK68901 MFP does not add a parity bit to the 
sync word if the word length is less than 8 bits. The 
extra bit in the sync word is transmitted as the pari- 
ty bit. With a word length of eight, and parity selec- 
ted, the parity bit for the sync word is computed an 
added on by the MK68901 MFP. 

RR RECEIVER READY 

RR is asserted when the Buffer Full bit is set in the 
RSR unless a parity error or frame error is detected 
by the receiver. 

Tr transmitter ready 

TR is asserted when the Buffer Empty bit is set in the 
TSR unless a break is currently being transmitted. 

REGISTER ACCESSES 

All register accesses are dependent on CLK as 



shown in the timing diagrams. To read a register, CS 
and DS must be asserted, and R/W must by high. 
The internal read control signal is essentially the com- 
bination of CS, DS, and RD/WR. Thus, the read ope- 
ration will begin when CS and DS go active and will 
end when either CS or DS goes inactive. The address 
bus must be stable prior to the start of the operation 
and must remain stable until the end of the operation. 
Unless a read operation or interrupt acknowledge cy- 
cle is in progress the data bus (D0-D7) will remain in 
the tri-state condition. 

To_write a register, CS and DS must be asserted and 
R/W must be low. The address must be stable prior 
to the start of the operation and must remain stable 
until t he end o f the operation. Afterthe MK68901 as- 
serts DTACK, the CPU negates DS,. At this time, 
the MFP latches the data bus and writes the 
contents into the appropriate r egister. A lso when DS 
is negated, the MFP rescinds DTACK. 

For a n inter rupt acknowledge, the oper ation starts 
when IACK goes low, and ends when IA CK go es 
high. The data bus is tri-stated when either IACK or 
DS goes high. 



When CS or IACK are asserted the MFP starts an 
internal cycle. DS is needed to enable the address 
and d ata buffers, jtjs recommended taht CS and 
IACK be gated by DS so that DS is always present 
whenever an MFP bus cycle starts. 
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MK68901 ELECTRICAL SPECIFICATIONS - PRELIMINARY 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Value 


Unit 


T A 


Temperature under Bias 


-25 to +100 


°C 


Tstg 


Storage Temperature 


-65to+ 150 


°C 


v, 


Voltage on Any Pin with Respect to Ground 


- 0.3 to + 7 


V 


Pd 


Power Dissipation 


1.5 


w 



Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other condition above those indicated in the operational sec- 
tions of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect re- 
liability. 

D.C. CHARACTERISTICS 

T A = 0°Cto 70°C ; V cc = + 5V ± 5% Unless Otherwise Specified 



Symbol 


Parameter 


Test Condition 


Min. 


Max. 


Unit 


V,H 


Input High Voltage 




2.0 


V C c + -3 


V 


V|L 


Input Low Voltage 




-0.3 


0.8 


V 


VOH 


Output High Voltage (except DTACK) 


Ioh =- 120uA 


2.4 




V 


Vol 


Output Low Voltage (except DTACK) 


Iol = 2.0mA 




0.5 


V 


III 


Power Supply Current 


Outputs Open 




180 


mA 


Ili 


Input Leakage Current 


Vim = to V C c 




±10 


uA 


Iloh 


Tri-state Output Leakage Current in Float 


Vout = 2.4 to V C c 




10 


uA 


'lol 


Tri -state Output Leakage Current in Float 


Vout = 0.5V 




-10 


MA 


lOH 


DTACK Output Source Current 


Vout =2.4 




-400 


uA 


lOL 


DTACK Output Sink Current 


Vout = 0.5 




5.3 


mA 



All voltages are referenced to ground. 

CAPACITANCE 

T A = 25°C, f = 1MHz unmeasured pins returned to ground. 



Symbol 


Parameter 


Test Condition 


Max. 


Unit 


C|N 


Input Capacitance 


Unmeasured pins returned to 
ground 


10 


pF 


CoUT 


Tri-state Output Capacitance 


10 


pF 
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AC ELECTRICAL CHARACTERISTICS (V cc = 5.0Vdc ± 5%, GND = OVdc, T A = 0°Cto 70°C) 


Number 


Characteristic 


Value 


Unit 


Fig. 


Note 


MK68901-4 


MK68901-5 


Min. 


Max. 


Min. 


Max. 


1 


CS, DS Width High 


50 




35 




ns 


21,22 


5 


2 


R/W, A1-A5 Valid to Falling CS (setup) 












ns 


21,22 




3 


Data Valid Prior to Falling CLK 


280 









ns 


22 




4 


CS, IACK Valid to Falling Clock (setup) 


50 




45 




ns 


21-24 


3 


5 


CLK Low to DTACK Low 




220 




180 


ns 


21,22 




6 


CS, DS or IACK High to DTACK High 




60 




55 


ns 


21-24 




7 


CS, DS or IACK High to DTACK Tri-state 




100 




95 


ns 


21-24 




8 


DTACK Low to Data Invalid (hold time) 












ns 


22 




9 


CS, DS or IACK High to Data Tri-state 




50 




50 


ns 


21 ,23,24 




10 


CS or DS High to R/W, A1-A5 Invalid (hold time) 












ns 


21,22 




11 


Data Valid from CS Low 




310 




260 


hs 


21 


3,6 


12 


Read Data Valid to DTACK Low (setup) 


50 




50 




ns 


21 




13 


DTACK Low to DS, CS or IACK High (hold time) 












ns 


21-23 




14 


ill Low to Falling CLK (setup) 


50 




50 




ns 


23,24 




15 


IEO Valid from Clock Low (delay) 




180 




180 


ns 


23 


1 


16 


Data Valid from Clock Low (delay) 




300 




300 


ns 


23 




17 


IEO Invalid from JACK High (delay) 




150 




150 


ns 


23,24 




18 


DTACK Low from Clock High (delay) 




180 




165 


ns 


23,24 




19 


IEO Valid from IEI Low (delay) 




100 




100 


ns 


24 


1 


20 


Data Valid from IEI Low (delay) 




220 




220 


ns 


24 




21 


Clock Cycle Time 


250 


1000 


200 


1000 


ns 


21 




22 


Clock Width Low 


110 




90 




ns 


21 




23 


Clock Width High 


110 




90 




ns 


21 




24 


CS, IACK Inactive to Rising Clock (setup) 


100 




80 




ns 


21-23 


4,5 


25 


I/O Minimum Active Pulse Width 


100 




100 




ns 


25 




26 


JACK Width High 


2 




2 




Tclk 


23-24 


2 


27 


I/O Data Valid from Rising CS or DS 




450 




450 


ns 


26 




28 


Receiver Ready Delay from Rising RC 




600 




600 


ns 


27 




29 


Transmitter Ready Delay from Rising TC 




600 




600 


ns 


28 




30 


Timer Output Low from Rising Edge of CS or DS 
(A & B) (reset Tout) 




450 




450 


ns 


29 


7 


31 


Tout Valid from Internal Timeout 




2 tcLK 

+ 300 




2 tcLK 

+ 300 


ns 


29 


2 


32 


Timer Clock Low Time 


110 




90 




ns 


29 
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AC ELECTRICAL CHARACTERISTICS (continued) 
(V cc = 5.0Vdc ± 5%, GND = OVdc, T A = 0°Cto 70°C) 



Number 


Characteristic 


Value 


Unit 


Fig. 


Note 


MK68901-4 


MK68901-5 


Min. 


Max. 


Min. 


Max. 


33 


Timer Clock High Time 


110 




90 




ns 


29 




34 


Timer Clock Cycle Time 


250 


1000 


200 


1000 


ns 


29 




35 


RESET Low Time 


2 




1.8 




u,s 


30 




36 


Delay to Falling INT R from External Interrupt 
Active Transition 




380 




380 


ns 


25 




37 


Transmitter Internal Interrupt Delay from Falling 
Edge of TC 




550 




550 


ns 


28 




38 


Receiver Buffer Full Interrupt Transition Delay 
from Rising Edge of RC 




800 




800 


ns 


27 




39 


Receiver Error Interrupt Transition Delay from 
Falling Edge of RC 




800 




800 


ns 


27 




40 


Serial in Set Up Time to Rising Edge of RC 
(divide by one only) 


80 




70 




ns 


27 




41 


Data Hold Time from Rising Edge of RC 
(divide by one only) 


350 




325 




ns 


27 




42 


Serial Output Data Valid from Falling Edge of TC 
H) 




440 




420 


ns 


28 




43 


Transmitter Clock Low Time 


500 




450 




ns 


28 




44 


Transmitter Clock High Time 


500 




450 




ns 


28 




45 


Transmitter Clock Cycle Time 


1.05 


oo 


0.95 


oo 


|IS 


28 




46 


Receiver Clock Low Time 


500 




450 




ns 


27 




47 


Receiver Clock High Time 


500 




450 




ns 


27 




48 


Receiver Clock Cycle Time 


1.05 


oo 


0.95 


oo 


|IS 


27 




49 


CS, IACK, DS Width Low 




80 




80 


Tclk 


29 


2 


50 


Serial Output Data Valid from Falling Edge of TC 
(+16) 




490 




370 


ns 


28 





Notes : 1. IEO only g oes low if no acknowledgeable interrupt is 
pending. If IEO goes low, DTACK and the data bus re- 
main tri-stated. 

2. Tclk refers to the clock applied to the MFP CLK input 
pin. tcLK refers to the timer clock signal, regardless of 
whether that signal comes from the XTAL 1/XTAL2 crys- 
tal clock inputs or the TAI or TBI timer i nputs. 

3. If the setup time is not met, CS or IACK will not be reco- 
gnized until the next falling CLK. 

4. If this setup time is met (for consecutive cycles), the mi- 
nimum hold-off time of one clock cycle will be obtained. 
If not met, the hold-off will be two clock cycles. 



5. CS is latched internally, therefore if spec's 1 and 24 are 
met then CS may be reasserted before the rising clock 
and still terminate the current bus cycle. The new bus 
cycle will be delayed by the MK68901 until all appro- 
priate internal oper ations h ave completed. 

6. Although CS and DTACK are synchronized with the 
clock, the data out during a read cycle is asynchronous 
to the clock, relying only on CS for timing. 

7. Spec. 30 applies to timer outputs TAO and TBO only. 
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TIMER A.C. CHARACTERISTICS 

Definitions : 

Error = Indicated Time Value - Actual Time Value 

tpsc = t C i_i<x Prescale Value 

INTERNAL TIMER MODE 



Single Interval Error (free running) (note 2) 


± 100ns 


Cumulative Internal Error 





Error between Two Timer Reads 


± (tpSC + 4t C LK) 


Start Timer to Stop Timer Error 


+ (2tcLK + 100ns) to - (tpsc + 6t C i_K + 100ns) 


Start Timer to Read Timer Error 


+ to - (tpsc + 6tcLK + 400ns) 


Start Timer to Interrupt Request Error (note 3) 


- 2t C LK to - (4t C LK + 800ns) 


PULSE WIDTH MEASUREMENT MODE 


Measurement Accuracy (note 1) 


+ 2t C LK tO - (tpSC + 4tci_K) 


Minimum Pulse Width 


4t C LK 


EVENT COUNTER MODE 


Minimum Active Time of TAI, TBI 


4tci_K 


Minimum Inactive Time of TAI, TBI 


4t C LK 



Notes : 1 . Error may be cumulative if repetitively performed. 

2. Error with respect to Tout or INT if note 3 is true. 

3. Assuming it is possible for the timer to make an interrupt request immediately. 
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Figure 21 : Read Cycle. 
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Figure 22 : Write Cycle. 
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Note : CS and IACK must be a function of DS. 
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Figure 23 : Interrupt Acknowledge (IEI low). 
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Figure 24 : Interrupt Acknowledge Cycle (IEI high). 
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Note : CS and IACK must be a function of DS. 
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Figure 25 : Interrupt Timing. 
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Note : Active edge is assumed to be the rising edge. 

Figure 26 : Port Timing. 
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Figure 27 : Receiver Timing. 
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Figure 28 : Transmitter Timing. 
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Figure 29 : Timer Timing. 
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Figure 30 : Reset 
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Figure 31 : Typical Output. 



Figure 32 : INTR Test Load. 



IN4447 

OR EQUIVALENT 



+2.1 Vdc 



I"- 



TEST 
POINT 



T Cl I 



For all o utputs except 

DTACK 

C L = 100pf 

R L = 20kft 

Ri = 180ft 



For DTACK 
C L = 130pf 
R L = 6kft 
Ri = 470ft 



V000373 



5V 



R L 2.25 kH 



INTR O- 



~ C L 100 pf 



V000333 



Figure 33 : MK68901 MFP External Oscillator Components. 
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CRYSTAL PARAMETERS : 

Parallel resonance, fundamental mode AT cut 

R S < 150ft (Fr = 2.8 - 5.0MHz); 

R S < 300ft (Fr = 2.0 - 2.7MHz) 

Cl = 18pf ; Cm = 0.02pf ; Ch = 5pf ; Lm = 96mH 

Fr (typ) = 2.4576MHz 
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MK68901 ORDERING INFORMATION 



Part Number 


Package Type 


Max. Clock Frequency 


TemperatureRange 


68901 P04 


Ceramic DIP 


4.0MHz 


0° to 70°C 


68901 P05 


Ceramic DIP 


5.0MHz 


0° to 70°C 


68901 N04 


Plastic DIP 


4.0MHz 


0° to 70°C 


68901 N05 


Plastic DIP 


5.0MHz 


0° to 70°C 


68901 Q04 


Plastic PLCC 


4.0MHz 


0° to 70°C 


68901 Q05 


Plastic PLCC 


5.0MHz 


0° to 70°C 
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MK68901 48-PIN PLASTIC DUAL-IN-LINE PACKAGE (N) 



AAA A\ \A A A A 

48 \ \ 25 




V V [ J V \ \ V V w 




23 EQUAL SPACES 
AT 0.100 ± 0.010 (T.N.A.) 



n 
f 



-k-L 



Dim 


Millimeters 


Inches 


Min. 


Max. 


Min. 


Max. 


A 


61.468 


62.738 


2.420 


2.470 


B 


14.986 


16.256 


.590 


.640 


C 


13.462 


13.97 


.530 


.550 


D 


3.556 


4064 


.140 


.160 


E 


0.381 


1.524 


.015 


.060 


F 


3048 


3.81 


.120 


.150 


G 


1.524 


2.286 


.060 


.090 


H 


1.186 


1.794 


.090 


.110 


J 


15.24 


17.78 


.600 


.700 


K 


0.381 


0.533 


.015 


.021 


L 


0.203 


0.305 


.008 


.012 


M 


1.143 


1.778 


.045 


.070 
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MK68901 48-PIN CERAMIC DUAL-IN-LINE PACKAGE (P) 




Dim 


Inches 


Min. 


Max. 


A 


2.376 


2.424 


B 


0.576 


0.604 


C 


0.120 


0.160 


, D 


0.015 


0.021 


F 


0.030 


0.055 


G 


0.100 BSC 


J 


0.008 


0.013 


K 


0.100 


0.165 


L 


0.590 


0.616 


M 


0° 


10° 


N 


0.040 


0.060 
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MK68901 52-PIN PLASTIC LEADED CHIP CARRIER (Q) 
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Dim 


Inches 


Min. 


Max. 


A 


.165 


.180 


Ai 


.090 


.130 


D 


.785 


.795 


Di 


.750 


.756 


D 2 


.690 


.730 


E 


.785 


.795 


Ei 


.750 


.756 


E 2 


.690 


.730 


H 


.042 


.048 


J 


.042 


.048 


K 


.013 


.024 


L 


.008 


.014 


M 


.026 


.032 


N/Ni 


.043 


.048 
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MK68901 PIN CONNECTIONS 














PLCC DIP FUNC. 


PLCC 


DIP 


FUNC. 


PLCC 


DIP 


FUNC. 


1 - NC 


19 


17 


XTAL1 


37 


33 


ilo 


2 1 R/W 


20 


18 


XTAL2 


38 


34 


IEI 


3 2 A1 


21 


- 


NC 


39 


35 


CLK 


4 3 A2 


22 


19 


TAI 


40 


36 


GND 


5 4 A3 


23 


20 


TBI 


41 


37 


DO 


6 5 A4 


24 


21 


RESET 


42 


38 


D1 


7 6 A5 


25 


22 


IO 


43 


39 


D2 


8 7 TC 


26 


23 


11 


44 


40 


D3 


9 8 SO 


27 


24 


12 


45 


41 


D4 


.10 9 SI 


28 


25 


13 


46 


42 


D5 


11 10 RC 


29 


26 


14 


47 


43 


D6 


12 11 V C c 


30 


27 


15 


48 


44 


D7 


13 - NC 


31 


28 


16 


49 


45 


IACK 


14 12 NC 


32 


29 


17 


50 


46 


DTACK 


15 13 TAO 


33 


- 


NC 


51 


47 


DS 


16 14 TBO 


34 


30 


TR 


52 


48 


CS 


17 15 TCO 


35 


31 


RR 








18 16 TDO 


36 


32 


INTR 









Note : NC - No Connection 
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PRELIMINARY CMOS SERIAL COMMUNICATIONS 

CONTROLLER 



TWO INDEPENDENT FULL-DUPLEX CHAN- 
NELS 

SYNCHRONOUS/ASYNCHRONOUS DATA 
RATES : 

- Up to 1/4 of the PCLK (i.e., 1 Mbit/sec. maxi- 
mum data rate with 4MHz PCLK. Using exter- 
nal phase-lock loop. 

- Up to 375Kbit/sec. with a 6MHz clock rate. Up 
to 250Kbit/sec. with a 4MHz clock rate (FM 
encoding using digital phase-locked loop). 

- Up to 1 87.5Kbit/sec. with a 6MHz clock rate. 
Up to 125Kbit/sec. with a 4MHz clock rate 
(NRZI encoding using digital phase-locked 
loop). 

ASYNCHRONOUS CAPABILITIES : 

- 5, 6, 7, or 8 bits per character 

- 1, 1-1/2, or 2 stop bits 

- Odd or even parity 

- Times 1,16, 32, or 64 clock modes 

- Break generation and detection 

- Parity, overrun and framing error detection 
BYTE-ORIENTED SYNCHRONOUS CAPA- 
BILITIES : 

- Internal or external character synchronization 

- 1 or 2 sync characters (6 or 8 bits/character) 
in separate registers 

- Automatic Cyclic redundancy check (CRC) 
generation/detection 

SDLC/HDLC CAPABILITIES : 

- Abort sequence generation and checking 

- Automatic zero insertion and deletion 

- Automatic flag insertion between messages 

- Address field recognition 

- l-field residue handling 

- CRC generation/detection 

- SDLC loop mode with EOP recognition/loop 
entry and exit 

RECEIVER DATA REGISTERS QUADRUPLY 
BUFFERED TRANSMITTER DATA REGIS- 
TERED DOUBLE BUFFERED 
NRZ, NRZI, OR FM ENCODING/DECODING 
BAUD-RATE GENERATOR IN EACH CHAN- 
NEL 

DIGITAL PHASE-LOCKED LOOP FOR CLOCK 
RECOVERY 
CRYSTAL OSCILLATOR 




PDIP-40 



CDIP-40 




PLCC44 



(Order Codes at the end of the datasheet) 



Figure 1 : Logic Functions. 
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INTRODUCTION 

Thank you for your interest in the SCC, one of the 
most versatile and most popular Serial Data Com- 
munications ICs. This document is intended to pro- 
vide answers to all technical questions about the 
MK85C30, the CMOS replacement for the NMOS 
Z8530 Serial Communications Controller. Please 
read this Preface where we try to anticipate your 
questions. 

■ If you are new to serial data communications, you 
will need additional tutorial information. Of the 
many introductory texts on this subject, Technical 
Aspects of Data Communications by John E. 
McNamara, published by Digital Press (DEC) 
1 982, is one of the best. 

■ If you have designed with simpler UARTs and 
USARTs, and HDLC/SDLC devices, the SCC of- 
fers you far greater flexibility, but also requires an 
in-depth study and understanding of the impact 
and the use of its many powerful features. This 
manual contains important information. 

■ If you are familiar with the Z80-SIO, you will feel 
right at home with the SCC, for it is really a func- 
tionally enhanced superset of the Z80-SIO. 

Most users read only chapters that are of interest to 
them. If you are designing the microcomputer hard- 
ware structure using the SCC as a peripheral, you 
will want to read the Initialization Worksheet and In- 
terrupt Routine Sections. 

If you are programming a system using the SCC, 
you will be more interested, on the Initialization 
Worksheet Section. 

Points To Watch Out For : 

1. Follow the worksheet for initialization (page). 
Unexplainable operations may occur if this pro- 
cedure is not followed. 

2. Watch out for Write Recovery time violation (In- 
terfacing Section). Both the CPU clock rate and 
the SCC clock rate will affect the Write Recovery 
time. 

3. Ensure Mode bits are not changed when writing 
Commands. (Register Overview page 76). Each 
Mode bit affects only one function and a Com- 
mand bit entry requires a rewrite of the entire 
register ; therefore, care must be taken to insure 
the integrity of the Mode bits whenever a new 
command is issued. 

4. Dat a must be valid prior to falling edge of WR or 
DS. 

5. If not used, INTACK should be tied high. 



GENERAL DESCRIPTION 

The CMOS MK85C30 Serial Communications Con- 
troller is intended to be a replacement for the NMOS 
Z8530. The SCC is a dual-channel, multiprotocol 
data communications peripheral designed for use 
with 8-bit and 16-bit microprocessors. The SCC 
functions as a serial-to-parallel, parallel-to-serial 
converter/controller. The SCC can be software-con- 
figured to satisfy a wide variety of serial communi- 
cations applications. The device contains a variety 
of new, sophisticated internal functions including on- 
chip baud rate generators, digital phase-lock loops, 
and crystal oscillators, which dramatically reduce 
the need for external logic. 

The SCC handles asynchronous formats, Synchron- 
ous byte-oriented protocols such as IBM Bisync, and 
Synchronous bit-oriented protocols such as HDLC 
and IBM SDLC. This versatile device supports virtually 
any serial data transfer application (telecommunica- 
tions, cassette, diskette, tape drivers, etc.). 

The device can generate and check CRC codes in 
any Synchronous mode and can be programmed to 
check data integrity in various modes. The SCC also 
has facilities for modem controls in both channels. 
In applications where these controls are not needed, 
the modem controls can be used for general-pur- 
pose I/O. 

With access to 1 4 Write registers and 7 Read reg- 
isters per channel, the user can configure the SCC 
so that it can handle all asynchronous formats re- 
gardless of data size, number of stop bits, or parity 
requirements. The SCC accommodates all syn- 
chronous formats including character, byte, and bit- 
oriented protocols. 

Within each operating mode, the SCC also allows 
for protocol variations by checking odd or even 
parity bits, character insertion or deletion, CRC 
generation and checking/break and abort gener- 
ation and detection, and many other protocol-de- 
pendent features. 

The SCC MK85C30 is designed for non-multiplexed 
buses and is easily interfaced to CPUs such as the 
8080, Z80, 6800, 68000 and 'Multibus. 



2/93 



388 



*Ti 



SGS-THOMSON 



MK85C30 



GENERAL DESCRIPTION (cont'd) 

Figure 2 and Figure 5 show block diagrams of the 
SCC. Received data enters the receive data pins 
and follows one of several data paths, depending 
on the state of the control logic. The contents of the 
registers and the state of the external control pins 
establish the internal control logic. Transmitted data 
follows a similar pattern of control, register, and ex- 
ternal pin definition. 

PIN DESCRIPTIONS 

The SCC pins are divided into seven functional 
groups : Address/Data, Bus Timing and Reset, De- 
vice Control, Interrupt, Serial Data (both channels), 
Peripheral Control (both channels), and Clocks 
(both channels) . Figures 3 and 4 show the Pin Confi- 
guration in both the proposed packages, Dual in 

Figure 2 : SCC Block Diagram. 



Line and Chip Carrier. 

The Address/Data group consists of the bidirec- 
tional lines used to transfer data between the CPU 
and the SCC. The direction of these lines depends 
on whether the SCC is selected and whether the 
operation is a Read or a Write. 

The Timing and Control groups designate the type 
of transaction to occur and when this transaction will 
occur. The Interrupt group provides inputs and out- 
puts to conform to the bus specifications for hand- 
ling and prioritizing interrupts. The remaining groups 
are divided into Channel A and Channel B groups 
for serial data (transmit or receive), peripheral con- 
trol (such as DMA or modem), and the input and out- 
put lines for the receive and transmit clocks. 
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PIN DESCRIPTION (cont'd) 

Here below are described the pin functions of the 
MK85C30 Serial Communications Controller. 

A/B. Channel A/Channel B Select (input, Channel 
A active HIGH). This signal selects the channel in 
which the Read or Write operation occurs. 

CE. Chip Enable (input, active LOW). This signal se- 
lects the SCC for operation, it must remain active 
throughout the bus transaction. 

D0-D7. Data Lines (bidirectional, 3-state). These I/O 
lines carry data or control information to and from 
the SCC. 

D/C. Data/Control (input, Data active HIGH). This 
signal defines the type of information transfer per- 
formed by the SCC : data or control. 

RD. Read (input, Active LOW). This signal indicates 
a Read operation and when the SCC is selected, 
enables the SCC bus drivers. During the interrupt 
acknowledge cycle, this signal gates the interrupt 
vector onto the bus if the SCC is the highest priority 
device requesting an interrupt. 

WR. Write (input, active LOW). When the SCC is 
selected, this signal indicates a Write operation. The 
coincidence of RD and WR is interpreted as a Reset. 



CTSA, CTSB. Clear to Send (inputs, active LOW). 
If these pins are programmed as auto enables, a 
LOW on these inputs enables the respective trans- 
mitters. If not programmed as auto enables, they 
may be used as general-purpose inputs. Both inputs 
are Schmitt-trigger buffered to accommodate slow 
rise-time inputs. The SCC detects transitions on 
these inputs and can interrupt the CPU on either 
logic level transitions. 



DCDA, DCDB. Data Carrier Detect (inputs, active 
LOW). These pins function as receiver enables if 
they are programmed as auto enable bits ; other- 
wise they may be used as general-purpose input 
pins. Both pins are Schmitt-trigger buffered to acco- 
modate slow rise-time signals. The SCC detects 
transitions on these pins and can interrupt the CPU 
on either logic level transitions. 

DTR/REQA, DTR/REQB. Data Carrier Detect (in- 
puts, active LOW). These pins function as receiver 
enables if they are programmed into the DTR bit. 
They can also be used as general-purpose outputs 
(transmit) or as request lines for the DMA controller. 
The SCC allows full duplex DMA transfers. 

IEI. Interrupt Enable In (input, active HIGH). IEI is 
used with IEO to form an interrupt daisy chain when 
there is more than one interrupt-driven device. A 
HIGH on IEI indicates that no other higher priority 



Figure 3 : DIP Pin Connections. 



Figure 4 : Chip Carrier Pin Connection. 
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PIN DESCRIPTION (cont'd) 

device has an Interrupt Under Service (IUS) or is re- 
questing an interrupt. 

IEO. Interrupt Enable Out (output, active HIGH). IEO 
is HIGH only if IEI is HIGH and the CPU is not ser- 
vicing an SCC or SCC interrupt, or the controller is 
not requesting an interrupt (interrupt acknowledge 
cycle only). IEO is connected to the next lower 
priority device's IEI input and thus inhibits interrupts 
from lower priority devices. 

INTACK. Interrupt Acknowledge (input, active 
LOW). This signal indicates an active interrupt ac- 
knowledge cycle. During this cycle, the interrupt 
daisy chain settles. When RD or DS becomes ac- 
tive, the SCC place s an inter rupt vector on the data 
bus (if lEMs HIGH). INTACK is latched by the rising 
edge of AS or PCLK. 

INT. Interrupt Request (output, open-drain, active 
LOW). This signal is activated when the SCC is re- 
questing an interrupt. 

PCLK. Clock (input). This is the master clock used 
to synchronize internal signals. PCLK is not required 
to have any phase relationship with the master sys- 
tem clock. PCLK is a TTL level signal. 

RTSA, RTSB. Request to Send (outputs, active 
LOW). When the Request to Send (RTS) bit in Write 
Register 5 (figure 48) is set, the RTS signal goes LOW. 
When the RTS bit is reset in the Asynchronous mode 
and auto enables is on, the signal goes HIGH after 
the transmitter is empty. In Synchronous mode or in 
Asynchronous mode with auto enables off, the RTS 
pins strictly follow the state of the RTS bit. Both pins 
can be used as general-purpose outputs. 

RTxCA, RTxCB . Receive/Transmit Clocks (inputs, 
active LOW). The functions of thes e pins are under 
program control. In each channel, RTxC may sup- 
ply the receive clock, the transmit clock, the clock 
for the baud rate generator, or the clock for the digi- 
tal phase-locked loop (refer to Section 4 for bit con- 
figurations). This pi ns can also be programmed for 
use the respective SYNC pins as a crystal oscilla- 
tor. The receive clock may be 1 , 16, 32, or 64 times 
the data rate in asynchronous modes. 

RxDA, RxDB. Receive Data (inputs, active HIGH). 
These input signals receive serial data at standard 
TTL levels. 



SYNCA, SYNCB. Synchronization (inputs/outputs, 
active LOW). These pins can act as either inputs, 
outputs, or as part of the crystal oscillator circuit. In 
the Asynchronous Receive mode (crystal oscillator 
optio n not selec ted), these pins are inputs similar to 
CTS and DCD. In this mode, transitions on these 
lines affect the state of the Sync/Hunt status bits in 
Read Register (figure 59), but have no other func- 
tion. 

In External Synchronization mode with the crystal 
oscillator not s elected , these lines also act as inputs. 
In this mode, SYNC must be driven LOW two re- 
ceive clock cycles after the last bit in the sync char- 
acter is received. Character assembly begins on the 
rising edge of the re ceive cl ock immediately preced- 
ing the activation of SYNC. 

In the Internal Synchronization mode, (Monosync 
and Bisync) with the crystal oscillator not selected, 
these pins act as outputs and are active only during 
the part of the receive clock cycle in which sync char- 
acters are recognized. The sync condition is not 
latched, so these outputs are active each time a 
sync character is recognized (regardless of charac- 
ter boundaries). In SDLC mode, these pins act as 
outputs and are valid on receipt of a flag. 



TRxCA, TRxCB. Transmit/Receive Clocks (inputs 
or outputs, active LOW). The functi ons of these pins 
are under program control. TRxC may supply the 
receive clock or the transmit clock in the Input mode 
or supply the output of the digital phase-locked loop, 
the crystal oscillator, the baud rate generator, or the 
transmit clock in the output mode. (Refer to Section 
4 for bit configuration). 

TxDA, TxDB. Transmit Data (outputs, active HIGH). 
This output signal transmits serial data at standard 
TTL levels. 



W/REQA, W/REQB. Wait/Request (outputs, open 
drain when programmed for Wait function, driven 
HIGH or LOW when programmed for a Request 
function). These dual-purpose outputs can be pro- 
grammed as Request (receive) lines for a DMA con- 
troller or as Wait lines to synchronize the CPU to the 
SCC data rate. The reset state is Wait. The SCC 
allows full duplex DMA transfer. 
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OVERVIEW 

The SCC internal structure provides all the interrupt 
and control logic necessary to interface with non- 
multiplexed bus. Interface logic is also provided to 
monitor modem or peripheral control inputs and out- 
puts. All of the control signals are general purpose 
and can be applied to various peripheral devices as 
well as used for modem control. 

The center for data activity revolves around the in- 
ternal read and write registers. The programming of 
these registers provides the SCC with functional 
"personality" ; i.e., register values can be assigned 
before or during program sequencing to determine 
how the SCC will establish a given communication 
protocol. 
Register Functions 

All modes of communication are established by the 
bit values of the write registers. As data is received 
or transmitted, read register values may change. 
These changed values can promote software action 
or internal hardware action for further register 
changes. 

The register set for each channel includes 14 write 
registers and seven read registers. Ten write regis- 
ters are used for control, two for sync character 
generation, and two for baud rate generation. In ad- 
dition there are two write registers which are shared 
by both channels ; one is the interrupt vector regis- 
ter and one is the master interrupt control and reset 
register. Four read registers indicate status informa- 
tion, two are for baud rate generation, and one for 
the receive buffer. In addition there are two read reg- 
isters which are shared by both channels ; one for 
the interrupt pending bits and one for interrupt vec- 
tor. 

Table 1 lists the assigned functions for each read 
and write register. The SCC contains only one WR2 
(interrupt vector) and one WR9 (master interrupt 
control). Both registers are accessed and shared by 
either channel. The Register Description section 
provides a detailed bit legend and description of 
each register. 



Table 1 : Register Set. 



Read Register Functions 


RRO 


Transmits Receive buffer status, and Ex- 




ternal status 


RR1 


Special Receive Condition status, residue 




codes, error conditions 


RR2 


Modified (Channel B only) interrupt vector 




and Unmodified interrupt vector (Chan- 




nel A only) 


RR3 


Interrupt Pending bits (Channel A only) 


RR8 


Receive buffer 


RR10 


Miscellaneous XMTR, RCVR status par- 




ameters 


RR12 


Lower byte of baud rate generator time 




constant 


RR13 


Upper byte of baud rate generator time 




constant 


RR15 


External / Status interrupt control informa- 




tion 


Write Register Functions 



WRO Command Register, CRC initialization re- 
sets for various modes 

WR1 Interrupt conditions, Wait / DMA request 
control 

WR2 Interrupt vector (access through either 
channel) 

WR3 Receive / Control parameters, number of 
bits per character, RxCRC enable 

WR4 Transmit / Receive miscellaneous par- 
ameters and codes, clock rate, number of 
sync characters, stop bits, parity 

WR5 Transmit parameters and control, number 
of Tx bits per character, TxCRC enable 

WR6 Sync character (1 st byte) or SDLC flag 

WR8 Transmitt buffer 

WR9 Master interrupt control and reset (ac- 
cessed through either channel), reset bits, 
control interrupt daisy chain 

WR10 Miscellaneous transmitter/receiver con- 
trol bits, NRZI, NRZ, FM encoding, 
CRC reset 

WR1 1 Clock mode control, source of Rx and Tx 
clocks 

WR12 Lower byte of baud rate generator time 
constant 

WR13 Upper byte of baud rate generator time 
constant 

WR14 Miscellaneous control bits : baud rate 
generator, Phase-Locked Loop control, 
auto echo, local loopback 

WR1 4 External/ Status interrupt control informa- 
tion-control external conditions causing 
interrupts 
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OVERVIEW (cont'd) 

Data Paths 

Figure 6 illustrates the data paths involved in the six 
major areas of the SCC : 

■ Transmitter 

■ Receiver 

■ Baud rate generator 
. DPLL 

■ Clocking options 

■ Data encoding 

All communication modes are established by pro- 
gramming the write registers. As data is received or 
transmitted, read register values may change, alter- 
ing the direction of the data path. These changed 
values can promote software action or internal hard- 
ware action for further register changes. 

Transmitter. The transmitter has an 8-bit Transmit 
Data register (WR8) loaded from the internal data bus 
and a Transmit Shift register loaded from either WR6, 
WR7, or the Transmit Data register. In byte-oriented 
modes, WR6 and WR7 can be programmed with 
sync characters. In Monosync mode, an 8-bit or 6-bit 
sync character is used (WR6), whereas a 1 6-bit sync 
character is used (WR6 and WR7) in Bisync mode. 
In bit-oriented synchronous modes, the flag con- 
tained in WR7 is loaded into the Transmit Shift reg- 
ister at the beginning and end of a message. 

If asynchronous data is processed, WR6 and WR7 
are not used and the Transmit Shift register is for- 
matted with start and stop bits shifted out to the 
transmit multiplexer at the selected clock rate. Syn- 
chronous data (except SDLC/HDLC) is shifted to the 
CRC generator as well as to the transmit multiplexer. 

SDLC/HDLC data is shifted to the CRC Generator 
and out through the zero insertion logic (which is dis- 
abled while the flags are being sent). A "0" is inserted 
in all address, control, information, and frame check 
fields following five continuous "1s" in the data 
stream. The result of the CRC generator for SDLC 
data is also routed through the zero insertion logic 
and then to the transmit multiplexer. 

Receiver. The receiver has a three deep 8-bit Data 
FIFO (paired with an 8-bit Error FIFO), and an 8-bit 
shift register. This arrangement creates a 3-byte 
delay time, which allows the CPU time to service an 
interrupt at the beginning of a block of high-speed 
data. With each Receive Data FIFO, the error FIFO 
stores parity and framing errors and other types of 
status information. The error FIFO is readable in 
Read Register 1 . 

Incoming data is routed through one of several paths 
depending on the mode and character length. In 



Asynchronous mode, serial data enters the 3-bit 
delay (figure 5) if the character length of seven or 
eight bits is selected. If a character length of five or 
six bits is selected, data enters the receive shift reg- 
ister directly. 

In synchronous modes, the data path is determined 
by the phase of the receive process currently in 
operation. A synchronous receive operation begins 
with a hunt phase in which a bit pattern that matches 
the programmed sync characters (6-bit, 8-bit, or 16- 
bit is searched). 

The incoming data then passes through the Sync 
register and is compared to a sync character stored 
in WR6 or WR7 (depending on which mode it is in). 
The monosync mode matches the sync character 
programmed in WR7 and the character assembled 
in the Receive Sync register to establish synchroni- 
zation. 

Synchronization is achieved differently in the Bisync 
mode. Incoming data is shifted to the Receive Shift 
register while the next eight bits of the message are 
assembled in the Receive Sync register. If these two 
characters match the programmed characters in 
WR6 and WR7, synchronization is established. In- 
coming data can then bypass the Receive Sync reg- 
ister and enter the 3-bit delay directly. 

The SDLC mode of operation uses the Receive 
Sync register to monitor the receive data stream and 
to perform zero deletion when necessary ; i.e., when 
five continuous "1s" are received, the sixth bit is in- 
spected and deleted from the data stream if it is "0". 
The seventh bit is inspected only if the sixth bit 
equals one. If the seventh bit is "0", a flag sequence 
has been received and the receiver is synchronized 
to that flag. If the seventh bit is a "1 ", an abort or an 
EOP (End Off Poll) is recognized, depending on the 
selection of either the normal SDLC mode or SDLC 
Loop mode. 

The same path is taken by incoming data for both 
SDLC modes. The reformatted data enters the 3-bit 
delay and is transferred to the Receive Shift regis- 
ter. The SDLC receive operation begins in the hunt 
phase by attempting to match the assembled char- 
acter in the Receive Shift Register with the flag pat- 
tern in WR7. Then the flag character is recognized, 
subsequent data is routed through the same path, 
regardless of character length. 

Either the CRC - 16 or CRC - SDLC cyclic redun- 
dancy check (CRC) polynomial can be used for both 
Monosync and Bisync modes, but only the CRC - 
SDLC polynomial is used for SDLC operation. The 
data path taken for each mode is also different. 
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OVERVIEW (cont'd) 
Figure 5 : Data Paths. 
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OVERVIEW (cont'd) 

Bisync protocol is a byte-oriented operation that re- 
quires the CPU to decide whether or not a data char- 
acter is to be included in CRC calculation. An 8-bit 
delay in all synchronous modes except SDLC is 
allowed for this process. In SDLC mode, all bytes 
are included in the CRC calculation. 

Baud Rate Generator. Each channel in the SCC 
contains a programmable baud rate generator. Each 
generator consists of two 8-bit, time-constant regis- 
ters forming a 16-bit time constant, a 16-bit down 
counter, and a flip-flop on the output that makes the 
output a square wave. On start-up, the flip-flop on the 
output is set High so that it starts in a known state, 
the value in the time-constant register is again loaded 
into the counter, and the counter begins counting 
down. When a count of zero is reached, the output 
of the baud rate generator toggles, the value in the 
time-constant register is loaded into the counter, and 
the process starts over. The time constant can be 
changed at anytime, but the new value does not take 
effect until the next load of the counter. 

No attempt is made to synchronize the loading of a 
new time constant with the clock used to drive the 
generator. When the time constant is to be changed, 
the generator should be stopped by writing to an en- 
Figure 6 : Data Encoding Methods. 



able bit in WR14. This ensures the loading of the 
correct time constant. 

If neither the transmit clock nor t he rece ive clock are 
programmed to come from the TRXC pin, the out- 
put of the baud rate genera tor may be made avail- 
able for external use on the TRXC pin. 

Digital Phase-locked Loop (DPLL). The SCC con- 
tains a digital phase-locked loop that can be used 
to recover clock information from a data stream with 
NRZI or FM coding. The DPLL is driven by a clock 
nominally 32 (NRZI) or 16 (FM) times the data rate. 
The DPLL uses this clock, along with the data 
stream, to construct a receive clock for the data. This 
clock can then be used as the SCC receive clock, 
the transmit clock, or both. 

Clocking Options. The SCC can select several 
clock sources for internal and external use. Write 
Register 1 1 is the Clock Mode Control register for 
both the receive and tra nsmit c lock s. It de termines 
the type of signal o n the S YNC and RTxC pins and 
the direction of the TRxC pin. 

Write Register 1 1 also controls the output of the baud 
rate generator, the DPLL output, an d the s election of 
either a TT1 or XTAL output for the RTxC pin. 
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OVERVIEW (cont'd) 

Data Encoding. Figure 6 illustrates the four encod- 
ing methods used by the SCC. In NRZ encoding, a 
"1" is represented by a High level and a "0" is rep- 
resented by a Low level. In NRZI encoding, a "1 " is 
represented by no change in level and a "0" is rep- 
resented by a change in level. In FM1 (more proper- 
ly, biphase mark), a transition occurs at the 
beginning of every bit cell. A "1" is represented by 
an additional transition at the center of the bit cell 
and a "0" is represented by the absence of a transi- 
tion at the center of the bit cell. In FMO (more proper- 
ly, biphase space), a transition occurs at the 
beginning of every bit cell. A "0" is represented by 
an additional transition at the center of the bit cell 
and a "1" is represented by the absence of a transi- 
tion at the center of the bit cell. 

In addition to these four methods, the SCC can be 
used to decode Manchester (biphase level) data by 
using the DPLL in the FM mode and programming 
the receiver for NRZ data. Manchester encoding al- 
ways produces a transition at the center of the bit 
cell. If the transition is Low to High, the bit is "0". If 
the transition is High to Low, the bit is "1". 

Data Comi Capabilities 

SCC logic handles all asynchronous, byte-oriented 
synchronous, and bit-oriented synchronous modes 
of operation. The following section briefly describes 
asynchronous, synchronous, and SDLC modes of 
communication. 

Asynchronous. Figure 7 represents a typical asyn- 
chronous message format using one start bit, seven 
data bits, one parity bit, and one stop bit. A start bit 
is a High-to-Low transition detected by an asyn- 
chronous receiver and is actually an information bit 
notifying the receiver of an incoming message. 

The start bit also initiates a clock circuit to provide 
latching pulses during expected data bit intervals. 
The parity bit is provided for error checking. The 
parity bit is calculated in both the receiver and the 



transmitter ; the two results are compared to ensure 
that the expected and the actual bit values match. 
The stop bit returns the message unit to the quies- 
cent marking state ; i.e., a constant high state con- 
dition lasts until the next High-to-Low start bit 
indicates an incoming data byte. During reception, 
the start and stop bits are stripped away and 
checked for errors, leaving only the working data for 
CPU interaction. The number of selected bits for 
each asynchronous function may differ between the 
transmitter and the receiver. 

Monosync Mode. Monosyncand Bisync modes re- 
quire clocking information to be transmitted along 
with the data either by a method of encoding data 
that contains clocking information, or by a modem 
that encodes or decodes clock information in the 
modulation process. 

Start and stop bits are not required in synchronous 
modes. All bits are used to transmit data. This elimi- 
nates the "waste" characteristic of asynchronous 
communication. 

Figure 8 shows the character format for synchron- 
ous transmission. For example, bits 1-8 might be 
one character and bits 9-13 part of another charac- 
ter ; or bit 1 might be part of one character, bits 2-9 
part of a second character, and bits 10-1 3 part of a 
third character. The framing (where each character 
begins) of each character is accomplished by defin- 
ing a synchronization character, commonly called a 
"sync character". 

The CPU places the receiver in Hunt mode when- 
ever transmission begins (or whenever a data dro- 
pout has occurred and the hardware determines 
that resynchronization is necessary). In Hunt mode, 
the receiver shifts a bit into the Receive Shift regis- 
ter and compares the contents of the Receive Shift 
register and with the sync character (stored in an- 
other register), repeating the process until a match 
occurs. When a match occurs, the receiver begins 
transferring bytes to the receive FIFO. 



Figure 7 : Asynchronous Message Format. 
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OVERVIEW (cont'd) 

Bisynchronous Mode. The Bisync mode of oper- 
ation (figure 9) is similar to the Monosync mode, ex- 
cept that two sync characters are provided instead 
of one. Bisync attemps a more structured approach 
to synchronization through the use of special char- 
acters as message "headers" or "trailers". A detailed 
description of IBM's Bisync can be found in McNa- 
mara's Book (see preface). 

External Sync Mode. External Sync mode (figure 
1 0) eliminates the use of sync characters in the ser- 
ial data stream by providing an external sync signal 
to mark the beginning of a data field ; i.e., an exter- 
nal input pin (Sync) waits for an active state change 
to indicate the beginning of an information field. 

SDLC Mode. Synchronous Data Link Control mode 
(SDLC) uses synchronization characters similar to 
Bisync and Monosync modes (such as flags and 
pad characters), but it is a bit-oriented protocol in- 
stead of byte-oriented protocol. 

Any data communication link involves at least two 
stations. The station that is responsible for the data 
link and issues the commands to control the link is 
called the "primary station". The other station is a 
"secondary station". Not all information transfers 
need to be initiated by a primary station. In SDLC 
mode, a secondary station can be the initiator. 

The basic format for SDLC is a "frame" (figure 1 1 ). 
The information field is not restricted in format or 
content and can be of any reasonable length (includ- 
ing zero). Its maximum length is that which can be 
expected to arrive at the receiver error-free most of 
time. Hence, the determination of maximum length 
is a function of communication channel error rate. 

Figure 8 : Monosync Data Character Format. 



The two flags that delineate the SDLC frame serve 
as reference points when positioning the address 
and control fields, and they initiate the transmission 
error check. The ending flag indicates to the receiv- 
ing station that the 1 6 bits just received constitute 
the frame check. The ending flag could be followed 
by another frame, another flag, or an idle. This 
means that when two frames follow one another, the 
intervening flag may simultaneously be the ending 
flag of the first frame and the beginning flag of the 
next frame. Since the SDLC mode does not use 
characters of defined length, but rather works on a 
bit-by-bit basis, the 01 1 11 11 (7EH) flag can be rec- 
ognized at anytime. 

To ensure that the flag is not sent accidentally, 
SDLC procedures require a binary "0" to be inserted 
by the transmitter after the transmission of any five 
continuous "1s". The receiver then removes the "0" 
following a received succession of five "1 s". Inserted 
and removed "0s" are not included in the CRC cal- 
culation. 

The address field is 8 bits long and designates the 
number of secondary station to which the com- 
mands or data from the primary station are sent. The 
control field is eight bits long and is used to initiate 
all SDLC activities. 

The SCC can also serve the High-level synchronous 
Data Link Communication (HDLC) protocol, which is 
identical to SDLC except for differences in framing. 

SDLC Loop Mode. The SCC supports SDLC Loop 
mode in addition to normal SDLC. SDLC Loop mode 
is very similar to normal SDLC but is usually used 
in application where a point-to-point network is not 
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OVERVIEW (cont'd) 

appropriate (for example, Point-Of-Sale terminals). 
In an SDLC Loop there is a primary station, called 
the controller, that manages the message traffic flow 
on the loop, and there are any number of second- 
ary stations. 

A secondary station in an SDLC loop is always lis- 
tening to the messages being sent around the loop, 
and must pass these messages to the rest of the 
loop by retransmitting them with a one-bit-time 
delay. The secondary station can only place its own 
message on the loop at specific times. The control- 
ler signals that secondary stations may transmit 
messages by sending a special character, called an 
EOP (End of Poll), around the loop. The EOP char- 
acter is the bit pattern 11111110. Because of zero 
insertion during messages this bit pattern is unique 
and thus is easily recognized. 

When a secondary station has a message to trans- 
mit and it recognizes an EOP on the line, the first 
thing that it does is to change the last 1 or the EOP 
to a "0" before transmitting it. This turns the EOP 
into a Flag sequence. The secondary station now 
places its message on the loop and terminates its 
message with an EOP. Any secondary stations fur- 
ther down the loop with messages to transmit can 



then append its message to the message of the first 
secondary station by the same process. All second- 
ary stations without messages to send merely echo 
the incoming messages and are prohibited from 
placing messages on the loop, except upon recog- 
nizing an EOP. 

There are also restrictions as to when and how a 
secondary station physically becomes part of the 
loop. A secondary station that has just powered up 
must monitor the loop, without the one-bit-time 
delay, until it recognizes an EOP. When an EOP is 
recognized the one-bit-time delay is switched on. 
This does not disturb the loop because the line is 
marking idle between the time that the controller 
sends the EOP and the time that it receives the EOP 
back. The secondary station that has gone on-loop 
cannot place a message on the loop until the next 
time that an EOP is issued by the controller. A sec- 
ondary station goes off-loop in a similar manner. 
When given a command to go off-loop, the second- 
ary station waits until the next EOP to remove the 
one-bit-time delay. 

To operate the SCC in SDLC Loop mode, the SCC 
must first be programmed just as if normal SDLC 
were to be used. Loop mode is then selected by writ- 
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OVERVIEW (cont'd) 

ing the appropriate control word in WR10. The SCC 
is now waiting for the EOP so that it can go on loop. 
While waiting for the EOP, the SCC ties TxD to RxD 
with only the internal gate delays in the signal path. 
When the first EOP is recognized by the SCC, the 
Break/Abort/EOP bit is set in RRO, generating an Ex- 
ternal/Status interrupt (if so enabled). At the same 
time, the On-Loop bit in RR10 is set to indicate that 
the SCC is indeed on-loop, and a one-bit time delay 
is inserted in the TxD to the RxD patch. 

The SCC is now on-loop but cannot transmit a mess- 
age until a flag and the next EOP are received. The 
requirement that a flag be received ensures that the 
SCC cannot erroneously send messages until the 
controller ends the current polling sequence and 
starts another one. 

A secondary station on the loop is prohibited from 
transmitting a message during a polling sequence un- 
less it captures the line at the moment the EOP passes 
by. The SCC does this automatically. If the CPU in the 
secondary station with SCC needs to transmit a mess- 
age, the Go-Active-On-Poll bit in WR1 must be set. 
If this bit is set when the EOP is detected, the SCC 
changes the EOP to a flag and starts sending another 
flag. The EOP is reported in the Break/Abort/EOP bit 
in RRO and the CPU should write its data bytes to the 
SCC, just as in normal SDLC frame transmission. 
When the frame is complete and CRC has been sent, 
the SCC closes with a flag and reverts to One-Bit- 
Delay mode. The last zero of the flag, along with the 
marking line echoed from the RxD pin, form an EOP 
for secondary stations further down the loop. If the Go- 
Active-On-Poll bit is not set at the time the EOP passes 
by, the SCC cannot send a message until a flag (ter- 
minating the current polling sequence) and another 
EOP are received. While the SCC is actually transmit- 
ting a message, the loop-sending bit in R10 is set to 
indicate this. 

If SDLC loop is de-selected, the SCC is designed to 
exit from the loop gracefully. When SDLC Loop 
mode is de-selected by writing to WR1 0, the SCC 
waits until the next polling cycle to remove the on- 
bit time delay. If a polling cycle is in progress at the 
time the command is written, the SCC finishes send- 
ing any message that it may be transmitting, ends 
with an EOP, and disconnects TxD from RxD. If no 
message was in progress, the SCC immediately dis- 
connects TxD from RxD. To ensure proper loop 
operation after the SCC goes off the loop, and until 
the external relays take the SCC completely out of 
the loop, the SCC should be programmed for Mark 
idle instead of Flag idle. When the SCC goes off the 
loop, the On-Loop bit is reset. 



The SCC allows the user the option of using NRZI 
in SDLC Loop mode by programming WR20 appro- 
priately. With NRZI encoding, the outputs of second- 
ary stations in the loop may be inverted from their 
inputs because of messages that they have trans- 
mitted. Removing the stations from the loop (remov- 
ing the one-bit time delay) may cause problems 
further down the loop because of extraneous transi- 
tions on the line. The SCC avoids this problem by 
making transparent adjustements at the end of each 
frame it sends in response to an EOP. A response 
frame from the SCC is terminated by a flag and an 
EOP. Normally, the flag and the EOP share a zero, 
but if such sharing would cause the RxD and TxD 
pins to be of opposite polarity after the EOP, the 
SCC adds another zero between the flag and the 
EOP. This causes an extra line transition so that RxD 
and TxD are identical after the EOP is sent. This 
extra zero is completely transparent because it only 
means that the flag and the EOP no longer share a 
zero. All that a proper loop exit needs, therefore, is 
the removal of the one-bit time delay. 

I/O Capabilities 

The SCC can work with three basic forms of I/O 
operations : polling, interrupts, and block transfer. 
All three I/O types involve register manipulation dur- 
ing initialization and data transfer. 

Polling. During a polling sequence, the status of 
Read Register is examined in each channel. This 
register indicates whether or not a receive or trans- 
mit data transfer is needed and whether or not any 
special conditions are present, e.g., errors. 

This method of I/O transfer avoids interrupts. All in- 
terrupt functions must be disabled in order to oper- 
ate the device in a polled environment. With no 
interrupts enabled, this mode of operation must in- 
itiate a read cycle of Read Register to detect an 
incoming character before jumping to a data hand- 
ler routine. 

Interrupts. The SCC provides interrupt capability 
through the use of pins and a hardware scheme that 
enhances the maximum speed of serial data. When- 
ever the interrupt (INT) pin is active, the SCC is 
ready to transfer data. 

Read and write registers are programmed so that an 
interrupt vector points to an interrupt service routine. 
The interrupt vector can also be modified to reflect 
various status conditions. Therefore, as many as 
eight different interrupt routines can be referenced. 

Transmit interrupts, receive interrupts, and exter- 
nal/status interrupts are the main sources of inter- 
rupts. Each interrupt source is enabled under 
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program control, with channel A having a higher 
priority than channel B and with receive, transmit, 
and external/status interrupts prioritized respective- 
ly within each channel. 

Block Transfers. The SCC provides a Block Trans- 
fer mode to accommodate CPU block transfer func- 
tions and DMA c ontro llers. The Block Transfer 
mode uses the W/REQ output in conjunction with 
the Wait/Request bits in Write Register 1 . 



T he W/ REQ output can be defined by software as 
a WAIT line i n the CPU Block Transfer mode or as 
a REQUEST line in the DMA Block Transfer mode. 

To a DMA controller, the SCC REQUEST output in- 
dicates that the SCC is ready to transf er data to or 
from memory. To the CPU, the WAIT output indi- 
cates that the SCC is not ready to transfer data, 
thereby requesting the CPU to extend the I/O cycle. 

INTERFACING THE SCC 

This section covers the details of interfacing the 
MK85C30 to a system. The general timing require- 
ments for the device are described in the hardware 
information section. 

Interfacing the MK85C30 

Two control signals, RD and WR, are used by the 
MK85C30 to time bus transactions. In addition, four 
other control signals, CE, D/C, A/B and INTACK, are 
used to control the type of bus transaction that will 
occur^A bus transaction start when the addresses 
on D/C and A/B are asserted before RD or WR fall. 
The coincidence of CE and RD or CE and WR lat- 
ches the state of D/C and A /B and starts the inter- 
nal operation. The INTACK signal must have been 
previously sampled High by a rising edge of PCLK 
for a read or w rite cycle to occur. In addition to samp- 
ling INTACK, PCLK is used by the interrupt section 
to set the IP bits. The MK85C30 generates internal 
control signal s in response to a register access. 
Since RD and WR have no phase relationship with 
PCLK, the circuitry generating these internal control 
signals provides time for metastable conditions to 
disappear. This results in a recovery time related to 
PCLK. This recovery time applies only between 
transactions involving the MK85C30, and any inter- 
venting transactions are ignored. This recovery time 
is four PCLK cycles, measured from the falling edge 
of RD or WR in the case of a read or write of any 
register. 



MK85C30 Read Cycle Timing. The Read cycle 
timing for the MK85C30 js shown in figure 12. The 
address on A/B and D/C is latched by the coin- 
cide nceofRD and CE active. CE must remain LOW 
and INTACK must remain HIGH throughout the 
cycle. The MK85C30 bus drivers are enabled while 
CE and RD are both LOW. A read with D/C HIGH 
does not disturb the state of the pointers and a read 
cycle with D/C LOW resets the pointers to zero after 
the internal operation is complete. 

MK85C30 Write Cycle Timing . The Write cycle tim- 
ing for the MK85C30_is shown in figure 13. The ad- 
dress on A/B and D/C, as well asjhe data on_D0-D7, 
is latched by the coincidence of WR a nd CE active. 
CE must remain LOW and INTACK must remain 
HIGH throughout the cycle. A write cycle with D/C 
HIGH does not disturb the state of pointers and a 
write cycle with D/C LOW resets the pointers to zero 
after the internal operation is complete. 

MK85C30 Interrupt Acknowledge Cycle Timing. 

The interrupt Acknowledge cycle timing for the 
MK85 C30 is shown in figure 14. The state of IN- 
TACK is latched by the rising edge of PCLK. While 
INTACK is LOW, the state of A /B, CE, D /C, and WR 
are ignored. Between the time INTACK is first sam- 
pled LOW and the time RD falls, the internal and ex- 
ternal IEI/IEO daisy chains settle ; this is A.C. 
parameter #38 TdlAi(RD). If there is an interrupt 
pending in the MK85C30, and IEI is HIGH when RD 
falls, the Interrupt Acknowledge cycle was intended 
for the MK85C30. This being the case, the 
MK85C30 sets the appropriate Interrupt Under Ser- 
vice latch, and places an interrupt vector on D0-D7. 
If the falling e dge of RD sets an IUS bit in the 
MK85C30, the INT pin goes active in response to 
the falling edge. Note that there should be only one 
RD per Acknowledge cycle. Another important fact 
is that the IP bits in the MK85C30 are updated by 
PCLK divided by two, and this clock to update IPs 
is stopped while the pointers point to RR2 and RR3. 
This prevents data changing during a read, but will 
delay interrupt requests if the pointers are left point- 
ing at these registers. 

MK85C30 Register Access. The registers in the 
MK85C30 are accessed in a two-step process, 
using a Register Pointer to perform the addressing. 
To access a particular register, the pointer bits must 
be set by writing to WRO the pointer bits may be writ- 
ten in either channel because only one set exists in 



14/93 



400 



*v 



SGS-THOMSON 



MK85C30 



INTERFACING THE SCC (cont'd) 

the MK85C30. After the pointer bits are set, the next 
read or write cycle of the MK85C30 having D/C LOW 
will access the desired register. At the conclusion of 
this read or write cycle the pointer bits are reset to 
"Os", so that the next control write will be to the poin- 
ters in WRO. A read or RR8 (the receive data buff- 
er) or a write to WR8 (the transmit data buffer) may 
either be done in this fashion or by accessing the 
MK85C30 having D/C pin HIGH. A read or write with 
D/C HIGH accesses the data registers directly, and 



independently, of the state of the pointer bits. This 
allows single-cycle access to the data registers and 
does not disturb the pointer bits. The fact that the 
pointer bits are reset to "0", unless explicitly set 
otherwise, means that WRO and RRO may also be 
accessed in a single cycle. That is, it is not necess- 
ary to write the pointer bits with "0" before access- 
ing WRO or RRO. There are three pointer bits in 
WRO, and these allow access to the registers with 
addresses through 7. Note that a command may 
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Figure 14 : MK85C30 Interrupt Acknowledge Details. 
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INTERFACING THE SCC (cont'd) 

be written to WRO at the same time that the pointer 
bits are written. To access the registers with ad- 
dresses 8 through 15, a special command must ac- 
company the pointer bits. This precludes 
concurrentiy issuing a command when pointing to 
these registers. The register map for the MK85C30 
is shown in table 2. If for some reason, the state of 
the pointer bits is unknown they may be reset to "0" 
by performing a read cycle with the D/C pin held 
LOW. Once the pointer bits have been set, the 
desired channel is selected by the state of the A/B 
pin during the actual read or write of the desired reg- 
ister. 

MK85C30 Reset. The MK85C30 may be reset by 
either hardware or software. Hardware reset occurs 
when RD and WR are both LOW, simultaneously, 
which is normally an illegal condition. As long as 
both RD and WR are LOW, the MK85C30 recog- 
nizes the reset condition. Once this condition is 
removed, however, the reset condition is asserted 
internally for an additional four to five PCLK cycles. 
During this time any attempt to access the 
MK85C30 will be ignored. The MK85C30 has three 
software resets, encoded into command bits in 
WR9. There are two channel resets, which affect 
only one channel in the device and some of the bits 
in the write registers. The third command forces the 
same result as does a hardware reset. As in the case 
of a hardware reset, the MK85C30 stretches the 
reset signal an additional four to five PCLK cycles 
beyond the ordinary valid access recovery time. The 
bits in WR9 may be written at the same time as the 
reset command because these bits are affected only 
by a hardware reset. 



The reset values of the various registers are shown 
in Figure 15. 

Table 2 : MK85C30 Register Map. 
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Figure 15 : MK85C30 Register Reset Values. 



7 


hardware- i\eser 

6 5 4 3 2 1 





7 


CHANNEL RtStl 
6 5 4 3 2 


1 





WR0 
WR1 
WR2 
WR3 
WR4 
WRS 

WR6 
WR7 

WR9 

WR10 

WR11 

WR12 

wnn 

WR14 
WR15 

nuo 

RR1 
RR3 

RR10 


I ° 








I ° 








°l 












1 ° 


0.00.0 





I ° 


0.00. 





°l 




















I 












j 








°l 












J 1 




1 




I 












[o 


. . 




I ° 


. . 





I 












I 








• i 




















I 












I i 


10 0. 






. . . 




I 












I ° 








I ° 


. . 





°l 












Jo 


10 











• I 




















.« 




















• I 














■ «. 


m 1 







. 10 




! 












I 1 


11110 





I 1 


11110 





• I 












jo 


1 ... 1 





I ° 


1 ... 1 





•I 












[o 


11 





( ° 


1 


1 


»l 












| 








I ° 








•I 












[ 








| 








•I 

















18/93 



404 



S=7 SGS-THOMSON 



mmi 



MK85C30 



I/O PROGRAMMING CAPABILITIES 

Regardless of the version of the SCC, all communi- 
cation modes can use a choice of polling, interrupt 
and block transfer. These modes must be selected 
by the user to select the proper hardware and soft- 
ware required to supply data at the rate required. 
Polling 

This is the simpliest mode to implement. The soft- 
ware must poll the SCC to determine when data is 
to be inputted or outputted from the SCC. In this 
mode, MIE (WR9 bit 3), and Wait/DMA Request En- 
able (WR1 bit 7) are both reset to to disable any 
requests. The software must then poll RRO to deter- 
mine the status of the receive buffer, transmit buff- 
er and external status. 

Interrupt Operations 

The SCC, as a microprocessor peripheral, will re- 
quest an interrupt only when it needs servicing. This 
allows the CPU to perform other operations while 
the SCC does not need service. The SCC has an 
internal priority resolution method to allow the hig- 
hest priority interrupt to be serviced first. 

The SCC is flexible with its interrupt method. The in- 
terrupt may be acknowledged with a vector trans- 
ferred, acknowledged without a vector, or not 
acknowledged at all. 

Interrupt without Acknowledge. In this mode, the 
Interrupt Acknowledge signal does not have to be 
generated. This allows a simpler hardware design 
that does not have to meet the Interrupt acknow- 
ledge timing. Soon after the INT goes active, the in- 
terrupt controller will jump to the interrupt routine. In 
the interrupt routine, the code must read RR2 from 
Channel B to read the vector including status. When 
the vector is read from Channel B, it always includes 
the status regardless of the VIS bit (WR9 bit 0). The 
status given will decode the highest priority interrupt 
pending at the time it is read. The vector is not 
latched so that the next read could produce a differ- 
ent vector if another interrupt occurs. The register is 
disabled from change during the read operation to 
prevent an error if a higher interrupt occurs exactly 
during the read operation. 

Once the status is read, the interrupt routine must 
decode the interrupt pending, and clear the condi- 
tion. Removing the interrupt condition will clear the 
IP and bring INT inactive, as long as there are no 
other IP bits set. For example, writing a character to 
the transmit buffer will clear the transmit buffer 
empty IP. 



When the interrupt IP, decoded from the status, is 
cleared RR2 can be read again. This allows the in- 
terrupt routine to clear all of the IP's within one in- 
terrupt request to the CPU. 
Interrupt with Acknowledge. After the SCC brings 
INT ac tive, the CPU must respond by bringing IN- 
TACK active. After enough time has elapsed to 
allow the daisy-chain to settle, the SCC will set the 
IUS bit for the highest priority IP. If the No Vector bit 
is not set (WR9 bit 1), the SCC will then place the 
interrupt vector on the data bus during a read. To 
speed the interrupt response time, the SCC can also 
modify 3 bits in the vector to indicate status. To in- 
clude the status, the VIS bit (WR9 bit 0) must be set. 
The service routine must then clear the interrupting 
condition. For example, writing a character to the 
transmit buffer will clear the transmit buffer empty 
IP. After the interrupting condition is cleared, the 
routine can read RR3 to determine if any other IP's 
are set and clear them. At the end of the interrupt 
routine, a Reset IUS command (WRO) must be is- 
sued to unlock the daisy-chain and allow lower- 
priority interrupt requestes. This is the only way, 
short of a software or hardware reset, that an IUS 
bit may be reset. 

If the No Vector bit (WR9 bit 1) is set, the SCC will 
not place the vector on the data bus. An interrupt 
controller must then vector the code to the interrupt 
routine. The interrupt routine must then read RR2 
from Channel B to read the status. This is the same 
as the case of an interrupt without an acknowledge 
except the IUS is set and the vector will not change 
until the Reset IUS command in RRO is issued. 
Interrupt Sources. Each channel in the SCC con- 
tains 3 sources of interrupt, making a total of 6. 
These 3 sources of interrupts are the receiver, the 
transmitter, and External/Status conditions. In addi- 
tion, there are several conditions that may cause 
these interrupts. 

The receive interrupt request may either be caused 
by a receive character available or a special condi- 
tion. The receive character available interrupt is 
generated when a character is loaded into the FIFO 
and is ready to be read. The special conditions are 
receive FIFO overrun, CRC/ tramming error. End of 
frame, and parity. The parity special condition can 
be included as a special condition or not depending 
on bit 2 WR1. The special condition status can be 
read from RR1 . 

The transmit interrupt request has only one source. 
It can only be set when the transmit buffer goes from 
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I/O PROGRAMMING CAPABILITIES (cont'd) 

full to empty. Note that this means that the transmit 
interrupt will not be set until after the first character 
is written to the SCC. 

The External/status Interrupts have several sources 
which may be individually enabled in WR15. The 
sources are zero count, DCD, Sync/ Hunt, CTS, 
transmitter underrun/EOM and Break/Abort. 

Each source of interrupt in the SCC has three con- 
trol/status bits associated with it. There are Interrupt 
Enable (IE), Interrupt Pending (IP), and Interrupt 
Under Service (IUS) (see figure 16). The IE bit is 
written by the processor and serves to control inter- 
rupt requests from the SCC. If the IE bit is set for a 
given source of interrupt, then that source may 
cause an interrupt request when all of the necess- 
ary conditions are met. If the IE bit is reset, no inter- 
rupt request will be generated by that source. The 
IE bits are write-only in the SCC. The IP bit for a 
given source of interrupt condition in the SCC and 
is reset directly by the processor, or indirectly by 
some action that the processor may take. If the 
corresponding IE bit is not set, the IP bits in the SCC 
are read-only in RR3A. The IUS bits are complete- 
ly hidden from the processor's view. An IUS is set 
during an Interrupt Acknowledge cycle for the hig- 
hest-priority IP. See table 3 for the interrupt priority. 
IUS is used to control the operation of the interrupt 
daisy chain by masking lower-priority interrupts. At 
the end of an interrupt service routine, the proces- 
sor must issue a Reset Highest IUS command in 
WRO to allow lower-priority interrupts. This is the 
only way, short of a software or hardware reset, that 
an IUS bit may be reset. 

Figure 16 : Peripheral Interrupt Structure. 



Table 3 : Interrupt Source Priority. 
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Daisy-chain Priority Resolution. The six sources 
of interrupt in the SCC are prioritized in a fixed order 
via a daisy chain ; provision is made, via the IEI and 
IEO pins, for use of an external daisy chain as well. 
All Channel A interrupts are higher-priority than any 
Channel B interrupts, with the receiver, transmitter, 
and External/Status interrupts prioritized in that 
order within each channel. The SCC requests an in- 
terrupt by pulling the INT pin Low from its open-drain 
state. This is controlled by the IP bits and the IEI 
input, among other things. A flowchart of the inter- 
rupt sequence for the SCC is shown in figure 17. 
The internal daisy chain links the six sources of in- 
terrupt in a fixed order, chaining the IUS bits for each 
source. While an IUS is set, all lower-priority inter- 
rupt requests are masked off ; during an Interrupt 
Acknowledge cycle the IP bits are also gated into 
the daisy chain. This insures that the highest-priority 
IP will be selected to have its IUS set. The internal 
daisy chain may be controlled by the MIE bit in WR9. 
This bit, when reset, has the same effect as pulling 
the IEI pin Low, thus disabling all interrupt requests. 

External Daisy Chain Operations. The SCC 

generates an interrupt request by pulling INT Low, 
but only if such interrupt requests are enabled 
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I/O PROGRAMMING CAPABILITIES (cont'd) 

(IE is 1, MIE is 1), an IP is set without a higher- 
priority IUS being set, or no higher-priority IUS being 
set, or no higher-priority interrupt is being serviced 
(I El is High), or no Interrupt Acknowledge transac- 
tion is taking place. It is not pulled Low by the SCC 
at this time, but instead continues to follow I El until 
an Interrupt Acknowledge transaction occurs. Some 
time after INT has been pulled Low, the processor 
initiates an Interrupt Acknowledge transaction. Bet- 
ween the time the SCC recognizes that an Interrupt 
Acknowledge cycle is in progress and the time dur- 
ing the acknowledge that the processor requests an 
interrupt vector, the IEI/IEO daisy chain settles. Any 
peripheral in the daisy chain having an Interrupt 
Pending (IP is 1) or an Interrupt Under Service (IUS 
is 1) holds its IEO line Low and all others make IEO 
follow IEI. 

When the processor requests an interrupt vector, 
only the highest-priority interrupt source with a 
pending interrupt (IP is 1) has its IEI input High, its 
IE bit set to "1 ", and its IUS bit set to "0". This is the 
interrupt source being acknowledged, and at this 
point it sets its IUS bit to "1". If its NV bit is "0", the 
SCC identifies itself by placing the interrupt vector 
from WR2 on the data bus. If the NV bit is "1", the 
SCC data bus remains floating, allowing external 
logic to supply a vector. If the VIS bit in the SCC 
is "1", the vector also contains status information, 
encoded as shown in table 4, which further de- 
scribes the nature of the SCC interrupt. If the VIS bit 
is "0", the vector held in WR2 is returned without 
modification. If the SCC is programmed to include 
status information in the vector, this status may be 
encoded and placed in either bits 1-3 or in bits 4-6. 
This operation is selected by programming the 
Status High/Status Low bit in WR9. At the end of the 
interrupt service routine, the processor should issue 
the Reset Highest IUS command to unlock the daisy 
chain and allow lower-priority interrupt requests. 
The IP is reset during the interrupt service routine 
either directly by command, or indirectly, through 
some action taken by the processor. The external 
daisy chain may be controlled by the DLC bit in 
WR9. This bit, when set, forces IEO Low, disabling 
all lower-priority devices. 

Receive Interrupts. The Receive Interrupt mode is 
controlled by WR1 bits 4 and 3. These select one of 
the four interrupt modes. The four modes are, Inter- 
rupt disabled, Interrupt on first character or special 
conditions, Interrupt on all characters or special con- 
ditions, and Interrupt on special conditions. 

Receive Interrupts Disabled. This mode prevents 
the receiver from requesting an interrupt. It is used 
in a polled environment where either the status bits 
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in RRO or the modified vector in RR2 (Channel B) is 
read. Although the receiver interrupts are disabled, 
the interrupt logic can still be used to provide status. 

When these bits indicate that a received character 
has reached the top of the FIFO, the status in RR1 
should be checked and then the data should be 
read. If status is to be checked, it must be done be- 
fore the data is read, because the act of reading the 
data pops both the data and error FIFOs. 



Receive Interrupt on First Character or Special 
Condition. This mode is designed for use with DMA 
transfers of the receive characters. After this mode 
is selected, the first character received, or the first 
character already stored in the FIFO, will set the re- 
ceiver IP. This IP will be reset when this character 
is removed from the SCC. No further receive inter- 
rupts will occur until the processor issues an Enable 
Interrupt on Next Receive Character command in 
WRO until a special receive condition occurs. The 
SCC recognizes several special receive conditions. 
A receive overrun (where a character in the FIFO is 
written over) is a special receive condition, as is a 
framing error in Asynchronous mode, or the end-of- 
frame condition in SDLC mode. In addition, if D2 of 
WR1 is set, any character with a parity error will 
generate a special receive condition interrupt. The 
correct sequence of events when using this mode 
is to first select the mode and wait for the receive 
character available interrupt. When the interrupt oc- 
curs the processor should read the character and 
then enable the DMA to transfer the remaining char- 
acters. A special receive condition interrupt may 
occur any time after the first character is received, 
but is guaranteed to occur after the character hav- 
ing the special condition has been read. The status 
is not lost in this case, however, because the FIFO 
is locked by the special condition. In the service rou- 
tine the processor should read RR1 to obtain the 
status, and may read the data again if necessary. 
The FIFO is unlocked by issuing an Error Reset 
command in WRO. If the special condition was End- 
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I/O PROGRAMMING CAPABILITIES (cont'd) 
Figure 17 : Interrupt Flowchart. 
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I/O PROGRAMMING CAPABILITIES (cont'd) 
of-Frame, the processor should now issue the En- 
able Interrupt on Next Receive Character command 
to prepare for the next frame. The first character in- 
terrupt and special condition interrupt are distin- 
guished by the status included in the interrupt 
vector. In all other respects they are identical, includ- 
ing sharing the IP and I US bits. 

Interrupt on all Receive Characters or Special 
Conditions. This mode is designed for an interrupt- 
driven system. In this mode the SCC will set the re- 
ceiver IP on every received character, whether or not 
it has a special receive condition. This includes char- 
acters already in the FIFO when this mode is se- 
lected. In this mode of operation the IP is reset when 
the character is removed from the FIFO, so if the pro- 
cessor requires status for any character, this status 
must be read before the data is removed from the 
FIFO. The special receive conditions are identical to 
those previously mentioned, and as before, the only 
difference between a "receive character available" 
interrupt and a "special receive condition" interrupt is 
the status encoded in the vector. In this mode a spe- 
cial receive condition does not lock the receive data 
FIFO so that the service routine must read the status 
in RR1 before reading the data. At moderate to high 
data rates, where the interrupt overhead is signifi- 
cant, time can usually be saved by checking for an- 
other received character before exiting the service 
routine. This technique eliminates the Interrupt Ac- 
knowledge and the processor-state-saving time, but 
care must be exercised because this receive char- 
acter must be checked for special receive conditions 
before it is removed from the SCC. 

Receive Interrupt on Special Conditions. This 
mode is designed for use with DMA transfers of the 
receive characters. In this mode, only receive char- 
acters with special conditions will cause the receiver 
IP to be set. All other characters are assumed to be 
transferred via DMA. No special initialization se- 
quence is needed in this mode. Usually the DMA is 
initialized and enabled, and then this mode is se- 
lected in the SCC. A special receive condition inter- 
rupt may occur at any time after this mode is 
selected but the logic guarantees that the interrupt 
will not occur until after the character with the spe- 
cial condition has been read from the SCC. The spe- 
cial condition locks the FIFO so that the status will 
be valid when read in the interrupt service routine, 
and it guarantees that the DMA will not transfer any 
characters until the special condition has been ser- 
viced. In the service routine the processor should 
read RR1 to obtain the status and unlock the FIFO 
by issuing an Error Reset command. DMA transfer 
of the receive characters will then resume. 



Transmit Interrupts. Transmit interrupts are con- 
trolled by the Transmit Interrupt Enable bit (D1) in 
WR1 . If the interrupt capabilities of the SCC are not 
required, polling may be used. This is selected by 
disabling the transmit interrupts and polling the 
Transmit Buffer Empty bit in RRO. When the Trans- 
mit Buffer Empty is set a character may be written 
to the SCC without fear of writing over previous data. 
Another way of polling the SCC is to enable the 
transmit interrupt and then reset the MIE bit in WR9. 
The processor may then poll the IP bits in RR3A to 
determine when the transmit buffer is empty. Trans- 
mit interrupts should also be disabled in the case of 
DMA transfer of the transmitted data. 

While the transmit interrupts are enabled the SCC 
will set the transmit IP whenever the transmit buff- 
er becomes empty. This means that the transmit 
buffer must have been full before the transmit I P can 
be set. Thus when the transmit interrupts are first 
enabled, the transmit IP will not be set until after the 
first character is written to the SCC. In synchronous 
modes one other condition can cause the transmit 
IP to be set. This occurs at the end of a transmission 
after CRC is sent. When the last bit of CRC has 
cleared the Transmit Shift register and the flag or 
sync character is loaded into the Transmit Shift reg- 
ister, the SCC will set the transmit IP. Data for the 
new frame or block to be transmitted may be writ- 
ten at this time. In this particular case the Transmit 
Buffer Empty bit in RRO is not set ; only the transmit 
IP is set. If the transmit Buffer Empty bit is, in fact, 
set for the transmit interrupt that occurs immediate- 
ly after CRC transmission, this indicates that data 
was written while CRC was being sent. This is an 
indication that the transmitter underflowed, without 
the CPU being aware of it. The transmit IP is reset 
either by writing data to the transmit buffer or by is- 
suing the Reset Transmit IP command in WRO. Or- 
dinarily the response to a transmit interrupt is to 
write more data to the SCC ; however, at the end of 
a frame or block of data where CRC is to be sent 
next, the Reset Transmit IP command should be is- 
sued in lieu of data. 

External/Status Interrupts. There are several 
sources of External/Status interrupts, each of which 
may be individually enabled in WR15. The master 
enable for the External/Status interrupts is located 
in WR1 (DO). The individual enable bits in WR15 
control whether or not latches will be present in the 
path from the source of interrupt to the status bit in 
RRO. If an individual enable bit in WR1 5 is set to "0" 
the latches are not present in the signal path and 
the value read in RRO reflects the current status. An 
interrupt source whose individual enable in WR15 
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I/O PROGRAMMING CAPABILITIES (cont'd) 
is "0" is not a source of External/Status interrupts 
even though the External/Status Interrupt Enable bit 
is set. When an individual enable in WR15 is set to 
"1", the latch is present in the signal path. The lat- 
ches for the sources of External/Status interrupts 
are not independent. Rather, they all close at the 
same time as a result of a state change by one of 
the sources of interrupt. Thus, a read of RRO returns 
the current status for any bits whose individual en- 
able is "0" and either the current state or the latched 
state of the remainder of the bits. To guarantee the 
current status the processor should issue a Reset 
External/Status Interrupts command in WRO to 
open the latches. The External/Status IP is set by 
the closing of the latches and remains set as long 
as they are closed. If the master enable for the Ex- 
ternal/Status interrupts is not set, the IP will never 
be set, even though the latches may be present in 
the signal paths and working as described. Because 
the latches close on the current status but give no 
indication of change, the processor must maintain 
a copy of RRO in memory. When the SCC gener- 
ates an External/Status interrupt the processor 
should read RRO and determine which condition 
changed state and take appropriate action. The 
copy of RRO in memory must then updated and the 
Reset External/Status Interrupt command issued. 
Care must be taken in writing the interrupt service 
routine for the External/Status interrupts because it 
is possible for more than one status condition to 
change state at the same time. All of the latch bits 
in RRO should be compared to the copy of RRO in 
memory. If none have changed and the ZC interrupt 
is enabled, the Zero Count condition caused the in- 
terrupt. 

The operation of the individual enable bits in WR15 
for each of the six sources of External/Status inter- 
rupts is identical, but subtle differences exist in the 
operation of each source of interrupt. The six sour- 
ces are Break/Abort, Underrun/EOM, CTS, DCD, 
Sync/Hunt and Zero Count. The Break/Abort, 
Underrun/EOM, and Zero Count conditions are in- 
ternal to the SCC, while Sync/Hunt may be internal 
or external, and CTS and DCD are purely external 
signals. In the following discussions each source is 
assumed to be enabled, so that the latches are pres- 
ent, and the External/Status interrupts are enabled 
as a whole. Recall that the External/Status IP is set 
while the latches are closed and that the state of the 
signal is reflected immediately in RRO if the latches 
are not present. 

The Break/Abort status is used in asynchronous and 
SDLC modes but is always "0" in synchronous 
modes other than SDLC. In asynchronous modes 



this bit is set when a break sequence (null charac- 
ter plus framing error) is detected in the receive data 
stream, and remains set as long as "0s" continue to 
be received. This bit is reset when a "1 " is received. 
A single null character is left in the receive FIFO 
each time that the break condition is terminated. 
This character should be read and discarded. In 
SDLC mode this bit is set by the detection of an abort 
sequence, which is seven or more contiguous "1s" 
in the receive data stream. The bit is reset when a 
"0" is received. A received abort forces the receiver 
into Hunt, which is also an external/status condition. 
Though these two bits change state at roughly the 
same time, one or two External/Status interrupts 
may be generated as a result. The Break/Abort bit 
is unique in that both transitions are guaranteed to 
cause the latches to close, even if another Exter- 
nal/Status interrupt is pending at the time these tran- 
sitions occur. This guarantees that a break or abort 
will be caught. 

The Transmit Underrun/EOM bit is used in syn- 
chronous modes to control the transmission of CRC. 
This bit is reset by issuing the Reset Transmit 
Underrun/EOM command in WRO. However, this 
transition does not cause the latches to close ; this 
occurs only when the bit is set. To inform the pro- 
cessor of this fact, the SCC sets this bit when CRC 
is loaded into the Transmit Shift register. This bit will 
also be set if the processor issues the Send Abort 
command in WRO. The bit is always set in Asyn- 
chronous mode. 

The CTS bit reports the state of the CTS input, and 
the DCD bit reports the status of the DCD input. Both 
bits latch on either input transition. In both cases, 
after the Reset External/Status Interrupt command 
is issued, if the latches are closed, they remain 
closed if there is any odd number of transitions on 
an input ; they will be open if there is an even num- 
ber of transitions on the input. 

The Zero Count bit is set when the counter in the baud 
rate generator reaches a count of "0" and is reset 
when the counter is reloaded. The latches are closed 
only when this bit is set to "1 ", and the status in RRO. 
always reflects the current status. While the Zero 
Count IE bit in WR1 5 is reset this bit is forced to "0". 

There are a variety of ways in which the Sync/Hunt 
may be set and reset, depending on the SCC's 
mode operation. In As ynchro nous mode this bit re- 
ports the state of the SYNC pin, latching on both 
input transitions. The same is true of External Sync 
mode. However, if the crystal oscillator is enabled 
while in Asynchronous mode this bit will be forced 
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I/O PROGRAMMING CAPABILITIES (cont'd) 

to "0" and the latches will not be closed. Selecting 
the crystal option in External Sync mode is illegal, 
but the result will be the same. In Synchronous 
modes other than SDLC the Sync/Hunt reports the 
Hunt state of the receiver. Hunt mode is entered 
when the processor issues the Enter Hunt com- 
mand in WR3. This forces the receiver to search for 
a sync character match in the receive data stream. 
Because both transitions of the Hunt bit close the 
latches, issuing this command will cause an Exter- 
nal/Status interrupt. The SCC resets this bit when 
character synchronization has been achieved, 
causing the latches to again be closed. In these syn- 
chronous modes the SCC will not reenter the Hunt 
mode automatically ; only the Enter Hunt command 
will set this bit. In SDLC mode this bit is also set by 
the Enter Hunt command, but the receiver will also 
automatically enter the Hunt mode if an Abort se- 
quence is received. The receiver leaves Hunt upon 
receipt of a flag sequence. Both transitions of the 
Hunt bit will cause the latches to be closed. In SDLC 
mode the receiver will automatically synchronize on 
Flag characters. The receiver is in Hunt mode when 
it is enabled, so the Enter Hunt command will prob- 
ably never be needed. 

If careful attention is paid to details, the interrupt ser- 
vice routine for External/Status interrupts is straight- 
forward. To determine which bit or bits changed 
state, the routine should first read RRO and compare 
it to a copy from memory. For each changed bit the 
appropriate action should be taken and the copy in 
memory updated. The service routine should close 
with a Reset External/Status interrupts command to 
reopen the latches. The copy of RRO in memory 
should always have the Zero Count bit set to "0", 
since this will be the state of the bit after the Reset 
External/Status interrupts command at the end of 
the service routine. When the processor issues the 
Reset Transmit Underrun/EOM latch command in 
WRO, the Transmit Underrun/EOM bit in the copy of 
RRO in memory should be reset because this tran- 
sition does not cause an interrupt. 

Block Transfers 

The SCC offers several alternatives for the block 
transfer of data. The various options are selected by 
WR1 (bits D7 through D5) and WR14 (bit D2). Each 
channel in the SCC has two pins which may be used 
to control the block transfer data. Both pins in each 
channel may be programmed to act as DMA Request 
signals, and one pin in each channel may be pro- 
grammed to act as a Wait signal for the CPU. In either 
mode, it is advisable to select and enable the mode 
in two separate accesses of the appropriate register. 
The first access should select the mode and the sec- 



ond access should enable the function. This proce- 
dure prevents glitches o n the output pins. Reset 
forces Wait mode, with W/REQ open-drain. 
Wait on Transmit. The Wait function on transmit is 
selected by setting both D6 and D5 to "0" and then 
enabling the func tion b y setting D7 of WR1 to "1 ". In 
this mode the W/REQ pin carries the WAIT signal, 
and is open-drain when inactive and Low when ac- 
tive. When the processor attempts to write to the 
transm it buffer when it is full, the SCC will assert 
WAIT until the buffer is empty. This allows the use of 
a block-move inst ruction to transfer the transmit data. 
In th e MK85C30, WAIT will go active in response to 
WR going active, but only if the data buffer is being 
acces sed, either directly or via the pointers. The 
WAIT pin is released in response to the falling edge 
of PCLK. Details of the timing are shown in figure 1 8. 
Wait on Receive. The Wait function on receive is 
selected by setting D6 or WR1 to "0", D5 of WR1 
to "1 ", and then enabling the functi on by settling D7 
of WR1 to "1". In this mode the W/REQ pin carries 
the WAIT signal, and is open-drain when inactive 
and Low when active. When the processor attempts 
to read data from the r eceive FIFO when it is empty, 
the SCC will assert WAIT until a character has 
reached the top of the FIFO. This allows the use of 
a block-move instruction to transfer the receive data. 
In the MK85C30, WAIT will go active in response to 
RD going active, but only if the receive data FIFO is 
bein g acce ssed, either directly or via the pointers. 
The WAIT pin is released in response to the falling 
edge of PCLK. Details of the timing are shown in 
figure 19. 

DM A Requests . The two DMA request pins W/REQ 
and DTR/REQ can be progra mmed to be used as 
DMA requests. The W/REQ pin can be used as 
either a t ransmit or a receive request and the 
DTR/REQ pin can only be used as a re ceive re- 
quest. For full-duplex operation, th e W/REQ is, 
therefore, used for transmit and the DTR/REQ is 
used for receive. These modes are described 
below. 

DMA Request on Transmit (using W/REQ). The 
Request on Transmit function is selected by setting 
D6 of WR to "1 ", D5 of WR1 to "0", and then enab- 
ling the func tion b y setting D7 of WR1 to "1" . In this 
mode the W/REQ pin carries the REQUEST signal, 
which is active Low. When t his m ode is selected, 
but not yet enabled, the W/REQ is d riven High. 
When the enable bit is set, REQUEST goes Low if 
the transmit buffer is empty at the time, or will re- 
main High un til the transm it buffer becomes empty. 
Note that the REQUEST pin will follow the state of 
th3 transmit buffer even though the transmitter is 
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I/O PROGRAMMING CAPABILITIES (cont'd) 

disabled. Thus, if the REQUEST is enabled, the 
DMA may write data to the SCC before the trans- 
mitter is enabled. This will not cause a problem in 
Asynchronous mode but may cause problems in 
Synchronous mode because the SCC will send data 
in preference to flags or sync characters. It may also 
complicate the CRC initialization, which cannot be 
done until after the t ransmitter is enabled. With only 
one exception, the REQUEST pin directly follows 
the stat e of the transmit buffer in this mode. RE- 
QUEST goes Low when the transmit buffer empties 
and remains Low until the transmit buffer is fi lled. 
The SC C generates only one falling edge on RE- 
QUEST per character requested and the timing for 
this is shown in figure 20. The one exception occurs 
in synchronous modes at the end of CRC trans- 
mission. At the end of CRC transmission, when the 
closing flag or sync character is loaded into the 
Transmit Shift register, REQUEST is pulsed High for 
on e PCLK cyc le. The DMA may use this falling edge 
on REQUEST to write the first character of the next 
frame or block to the SCC. 



In the MK85C30, REQUEST will go High in re- 
sponse to the falling edge of WR, but only when the 
appropriate transmit buffer in the SCC is accessed. 
This is shown in figure 21 . 
DMA Request on Transmit (using DIR/REQ). A 
sec ond Reque st on Transmit function is available on 
the DTR/REQ pin. This mode is selected by setting 
D2of W R14 to "1". When this bit is set to "1", RE- 
QUEST goes Low if the transmit buffer is empty at 
the time, or will go High until the transmit buffer 
becomes e mpty. While D2 of WR1 4 is set to "0", the 
DTR/REQ pin is DTR and follows the inverted state 
of D7 in WR5. This pin will be High after a channel 
or hardware reset and in the DTR mode. In the Re- 
quest mode REQUEST will follow the state of the 
transmit buff er even tho ugh the transmitter is dis- 
abled. Thus if REQUEST is enabled before the trans- 
mitter is enabled, the DMA may write data to the SCC 
before the transmitter is enabled. This will not cause 
a problem in Asynchronous mode, but may cause 
problems in Synchronous mode because the SCC 
will send data in preference to flags or sync charac- 
ters. It may also complicate the CRC initialization, 
which cannot be done until after the tr ansmitter is en- 
abled. With only one exception, the REQUEST pin 
directl y follows the state of the transmit buffer in this 
mode. REQUEST goes Low when the transmit buff- 
er empties and remains Low until the transmit buffer 
is filled. The SCC generates only one falling edge on 
REQUEST per character requested. The one excep- 
tion occurs in synchronous modes at the end of CRC 
transmission. At the end of CRC transmission, when 
the closing flag or sync character is loaded into the 



Transmit Shift register, REQUEST is pulsed High for 
on e PCLK cyc le. The DMA may use this falling edge 
on REQUEST to write the first character of the next 
frame or b lock to the SCC. The Req uest s ignal on 
DTR/REQ differs from the one on W/REQ in that it 
does not go immediately High in response to the ac- 
cess which writes to the transmit buffer. This is be- 
cause the registers in the SCC are not written during 
the actual access, but are delayed by so me number 
of PCLK cycles. The Request signal on DTR/REQ 
follows the state of the tr ansmi t buffer exactly while 
the Request signal on W/REQ goes inactive in an- 
ticipation of the transmit buffer becoming full. The tim- 
ing of the Request signal on both pins is shown in 
figure 21 . 

DMA Request on Receive. The Request on Receive 
function is selected by setting D6 and D5 of WR1 to 
"1" and then enabling the funct ion by setting D7 of 
WR1 to "1" . In this mode the W/REQ pin carries the 
REQUEST signal, which is active Low. When this 
mode is selected, but not yet enabled, the W/REQ pin 
is driven High. When the enable bit is set REQUEST 
goes Low if the receive buffer contains a character at 
the time, or will remain High u ntil a charac ter enters 
the receive buffer. Note that the REQUEST pin will fol- 
low the state of the receive buffer even though the re- 
ceiver is dis abled. Thus, if the receiver is disabled and 
REQUEST is still enabled, the DMA will transfer the 
previously received data correctly. In this mode the 
REQUEST pin directly follows t he state of t he receive 
buffer with only one exception. REQUEST goes Low 
when a character enters the receive buffer and re- 
mains Low until this character is removed from the re- 
cei ve buffer. Th e SCC generates only one falling edge 
on REQUEST per character transfer requested and 
the timing for this is shown in figure 22. The one ex- 
ception occurs in the case of a special receive condi- 
tion in the Receive Interrupt on First Character or 
Special Condition mode, or the Receive Interrupt on 
Special Condition Only mode. In the two interrupt 
modes any receive character with a special receive 
condition is locked at the top of the FIFO until an Error 
Reset command is issued. This character in the re- 
ceive FIFO would ordinarily cause additional DMA Re- 
quests after the first time it is read. However, the l ogic 
in the SC C guaran tees only on e falling edge on RE- 
QUEST by holding REQUEST High from the time the 
character with the special receive condition is read, 
and the FIFO locked, until after the Error Reset com- 
mand has been issued. Once the FIFO is unlocked 
by the Error Reset command, REQUEST again fol- 
lows the sta te of the receive buffer. In the MK85C30, 
REQUEST will go High in response to the falling edge 
of RD, but only when the appropriate receive buffer in 
the SCC is accessed. This is shown in figure 23. 
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I/O PROGRAMMING CAPABILITIES (cont'd) 
Figure 18 : Wait on Transmit. 



Figure 19 : Wait on Receive. 
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I/O PROGRAMMING CAPABILITIES (cont'd) 
Figure 20 : Transmit Request Assertion. 



Figure 21 : Transmit Request Release. 
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I/O PROGRAMMING CAPABILITIES (cont'd) 
Figure 22 : Receive Request Assertion. 



Figure 23 : MK85C30 Receive Request 
Release. 
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PROGRAMMING DATA COMMUNICATION MODES 



The SCC provides two independent full-duplex 
channels programmable for use in any common 
asynchronous or synchronous data communication 
protocol. These include asynchronous, synchron- 
ous byte-oriented protocols, monosync, IBM Bi- 
sync, and bit-oriented protocols such as HDLC and 
SDLC. This chapter is divided into 3 parts : Asyn- 
chronous, Synchronous, and SDLC. 

Asynchronous Mode 

The SCC supports Asynchronous mode with a num- 
ber of programmable options including the number 
of bits per character, the number of stop bits, the 
clock factor, modem interface signals and break de- 
tect and generation. Asynchronous mode is se- 
lected by programming the desired number of stop 
bits in D3 and D2 of WR4. Programming these two 
bits with other than "00" places both the receiver and 
transmitter in Asynchronous mode. In this mode, the 
SCC ignores the state of bits D4, D3, D2, and D1 of 
WR3, bits D 5 and D4 of WR4, bits D 2 and Do of WR5, 
all of WR6 and WR7 and all of WR1 except De and 
D5. Bits that are ignored may be programmed with 
"1 " or "0" or not at all. 

Asynchronous Receive. Asynchronous mode is 
selected by specifying the number of stop bits per 
character in WR4. This selection applies only the 
transmitter, however, as the receiver always checks 
for one stop bit. If after character assembly the re- 
ceiver finds this stop bit to be a "0", the Framing Error 
bit in the receive error FIFO is set at the same time 
that the character is transferred to the receive data 
FIFO. This error bit accompanies the data to the top 
of the FIFO, where it generates a special receive 
condition. The Framing Error bit is not latched, and 
so must be read in RR1 before the accompanying 
data is read. 

The number of bits per character is controlled by bits 
D7 and D6 of WR3. Five, six, seven, or eight bits per 
character may be selected via these two bits. Data 
is right-justified with the unused bits set to "1s". An 
additional bit, carrying parity information may be se- 
lected by setting bit DO of WR4 to "1 ". Note that this 
also enables parity for the transmitter. The parity 
sense is selected by bit D1 of WR4. If this bit is set 
to "1", the received character is checked for even 
parity, if set to "0", the received character is checked 
for odd parity. The additional parity bit per charac- 
ter is transferred to the receive data FIFO along with 
the data if the data plus parity is eight bits or less. 
The parity Error bit in the receive error FIFO may be 
programmed to cause a special receive condition 



interrupt by setting bit D2 of WR1 to "1". This error 
bit is latched and so will remain active, once set, until 
an Error Reset command has been issued. If inter- 
rupts are not used to transfer data, the Parity Error, 
Framing Error, and Overrun Error bits in RR1 should 
be checked before the data is removed from the re- 
ceive data FIFO. 

The break condition is continuous "0s", as opposed 
to the usual continuous ones during an idle. The 
SCC recognizes the Break condition upon seeing a 
null character (all "0s") plus a framing error. Upon 
recognizing this sequence the Break bit in RR0 will 
be set and will remain set until a "1" is received. At 
this point the break condition is no longer present. 
At the termination of a break the receive data FIFO 
contains a single null character, which should be 
read and discarded. The Framing Error bit will not 
be set for this character, but if odd parity has been 
selected, the Parity Error bit will be set. Caution 
should be exercised if the receive data line contains 
a switch that is not debounced to generate breaks. 
Switch bounce may cause multiple breaks, recog- 
nized by the SCC to be additional characters as- 
sembled in the receive data FIFO. It may also cause 
a receive overrun condition being latched. 

The SCC may be programmed to accept a receive 
clock that is one, sixteen, thirty-two, or sixty-four 
times the data rate. This is selected by bits D7 and 
D6 in WR4. The 1 X mode is used when bits are syn- 
chronized external to the receiver. The 1X mode is 
the only mode in which a data encoding method 
other than NRZ may be used. The clock factor is 
common to the receiver and transmitter. 

The SCC provides up to three mode m contro l sig- 
nals associated with the receiver. The SYNC pin is 
a general-purpose input whose state is reported in 
the Sync/Hunt bit in RR0. If the crystal oscillator is 
enabled, this pin is not available and the Sync/Hunt 
bit is forced to "0". Otherwise, the SYNC pin may be 
used to carry the Ring Indicator signal. The 
DTR/REQ pin carries the inverted state of the DTR 
bit (D7) in WR5 unless this pin has been pro- 
grammed to carry a DMA Request signal . The DCD 
pin is ordinarily a simple input to the DCD bit in RR0. 
However, if the Auto Enables mode is selected by 
setting D5 of WR3 to "1", this pin becomes an en- 
able for the re ceiver. That is, if Auto Enables is on 
and the D CD p in is HIGH, the receiver is disabled. 
While the DCD pin is LOW, the receiver is enabled. 

The initialization sequence for the receiver in Asyn- 
chronous mode is : WR4 first to select the mode, then 
WR3 and WR5 to select the various options. At this 
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point, the other registers should be initialized as ne- 
cessary. When all of this is complete the receiver may 
be enabled by setting bit Do or WR3 to "1 ". 

Asynchronous Transmit. Asynchronous mode is 
selected by specifying the number of stop bits per 
character in bits D3 and D2 of WR4. The three op- 
tions available are one, one-and-a-half, or two stop 
bits per character. These two bits only select the 
number of stop bits for the transmitter, as the re- 
ceiver always checks for one stop bit. 

The number of bits per transmitted character is con- 
trolled both by Bits D6 and D5 in WR5 and the way 
the data is formatted within the transmit buffer. The 
bits in WR5 allow the option of five, six seven, or 
eight bits per character. When five bits per charac- 
ter is selected the data may be formatted before 
being written to the transmit buffer to allow trans- 
mission of from one to five bits per character. 

This formatting is shown in table 5. 

Table 5 : Data Format - Five Bits or Less. 
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In all cases the data must be right-justified, with the 
unused bits being ignored except in the case of five 
bits per character. An additional bit, carrying parity 
information, may be automatically appended to 
every transmitted character by setting bit DO of WR4 
to "1". This bit is sent in addition to the number of 
bits specified in WR4 or by the data format. The 
parity sense is selected by bit D1 of WR4. If this bit 
is set to "1 ", the transmitter sends even parity, if set 
to "0", the parity is odd. 

The transmitter may be programmed to send a 
Break by setting bit D4 of WR5 to "1 ". The transmit- 
ter will send continuous "0s" from the first transmit 
clock edge after this command is issued, until the 
first transmit clock edge after this bit is reset. The 
transmit clock edges referred to here are those that 
define transmitted bit cell boundaries. 

An additional status bit for use in Asynchronous 
mode is available in bit Do or RR1 . This bit, called 
All Sent, is set when the transmitter is completely 
empty and any previous data or stop bits have 
reached the TxD pin. The All Sent bit can be used 



by the processor as an indication that the transmit- 
ter may be safely disabled. 

The SCC may be programmed to accept a transmit 
clock that is one, sixteen, thirty-two, or sixty-four 
time the data rate. This is selected by bits D7 and 
D6 of WR4, in common with the clock factor for the 
receiver. Note that the chosen clock factor may re- 
strict the number of stop bits that may be trans- 
mitted. In particular, when the clock rate and data 
rate are identical, one-and-a-half stop bits are not 
allowed. If any length other than one stop bit is 
desired in the times one mode, only two stop bits 
may be used. 

There are two modem control signals asso ciate d with 
the transmitter provided by the SCC. The RTS pin is 
a simple output that carries the inverted state of the 
RTS bit (D1) in WR5, unless the Auto Enables bit (D 5 ) 
is set in WR3. When Auto Enables is set the RTS pin 
will immediately go LOW when the RTS b it is set. Ho- 
wever, when the RTS bit is reset the RTS pin remains 
LOW until the transmitter is completely empty and 
the last stop bit has left the TxD pin. Thus the RTS 
pin may be used t o dis able external drivers for the 
transmit data. The CTS pin is ordinarily a simple in- 
put to the CTS bit in RRO. However, if Auto Enables 
mode is selected this pin becomes an enable f or the 
transmitter. That is, if Auto Enables is on and the CTS 
pin is HIGH, the transmi tter is disabled ; the transmit- 
ter is enabled while the CTS pin is LOW. 

The initialization sequence for the transmitter in 
Asynchronous mode is : WR4 first to select the 
mode, then WR3 and WR5 to select the various op- 
tions. At this point the other registers should be in- 
itialized as necessary. When all of this is complete, 
the transmitter may be enabled by setting bit D3 of 
WR5 to "1". Note that the transmitter and receiver 
may be initialized at the same time. 

Synchronous Mode 

In synchronous modes of operation a special bit pat- 
tern is used to provide character synchronization. 
The SCC offers several options to support Syn- 
chronous mode including various sync character 
lengths, the numberof bits perdata character, parity 
generation and checking, CRC generation and 
checking, as well as modem controls and a trans- 
mitter to receiver synchronization function. Syn- 
chronous mode is selected by programming bits D3 
and D2 of WR4 with "Os". This selects Synchronous 
mode, as opposed to Asynchronous mode, but this 
selection is further modified by bits D5 and D7 of 
WR4 as well as bits D1 and Do of WR10. 
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The sync character or characters are written in WR6 
and WR7. In all synchronous modes, except Exter- 
nal Sync the state of bits D7 and D6 of WR4 are 
forced to "0" to select the times one clock mode. In 
External Sync mode these two bits must be pro- 
grammed with "0s". 

Synchronous Receive. The receiver in the SCC 
searches for character synchronization only while it 
is in Hunt mode. In this mode the receiver is idle ex- 
cept that it is searching the incoming data stream 
for a sync character match. The receiver is in Hunt 
mode when it is first enabled, and may be placed in 
Hunt mode by command from the processor. This 
is accomplished by issuing the Enter Hunt Mode 
command in WR3. This bit (D4) is a command ; writ- 
ing a "0" to it has no effect. The Hunt status of the 
receiver is reported by the Sync/Hunt bit in RRO. 
Sync/Hunt is one of the possible sources of exter- 
nal/status interrupts, with both transitions causing 
an interrupt. This is true even if the Sync/Hunt bit is 
set as a result of the processor issuing the Enter 
Hunt Mode command. 

An 8-bit sync character is selected by setting bits D5 
and D4 of WR4, as well as bit DO of WR10, to "0". 
With this option the receiver searches the data 
stream for a match will the eight bits in WR7. The 6- 
bit sync option requires the same programming ex- 
cept that DO of WR10 is set to "1" and the sync 
character is held in the high-order six bits of WR7. 
The SCC also allows the option of double length 
sync characters. This is selected by setting bit D5 of 
WR4 to "0" and bit D4 of WR4 to "1 ". The selection 
between 1 2 and 1 6 bits of sync character is control- 
led by bit DO of WR10. A "0" selects 16 bits of sync 
character, while a "1 " in this bit selects a 1 2-bit sync 
character. The arrangement of the sync character 
in WR6 and WR7 is shown in figure 24. For those 
applications requiring any other sync character 
length, the SCC makes provision for an external cir- 
cuit toproyide a character synchronization signal on 
the SYNC pin. This mode is selected by setting bit 
D5 and D4 of WR4 to "1". In this m ode the Sync/Hunt 
bit in RRO reports the state of the SYNC pin but the 
receiver must still be placed in Hunt mode when the 
external logic is searching for a sync character 
match . When the receiver is in Hunt mode and the 
SYNC pin is driven LOW, two receive clock cycles 
after the last bit of the sync character is received, 
character assembly will begin on the rising edge of 
the rec eive clo ck immediately preceding the activa- 
tion of SYNC. This is shown in fi gure 25 . The re- 
ceiver leaves Hunt mode when SYNC is driven 
LOW. In all cases except External Sync mode the 
SYNC pin is an output that is driven LOW by the 



SCC to sign al that a sync character has been re- 
ceived. The SYNC pin is activated regardless of 
character boundaries so a ny exte rnal circuitry using 
it should only respond the SYNC pulse that occurs 
whi le the receiver is in Hunt mode. The timing for 
the SYNC signal is shown in figure 26. 

The number of bits per character is controlled by bits 
D7 and D6 of WR3. Five, six, seven, or eight bits per 
character may be selected via these two bits. The 
data is right-justified in the receive data buffer. The 
SCC merely takes a snapshot of the receive data 
stream at the appropriate times so the "unused" bits 
in the receive buffer are only the bits following the 
character in the data stream. An additional bit, car- 
rying parity information, may be selected by setting 
bit Do of WR4 to "1". If this bit is set to "1", the re- 
ceived character is checked for even parity, if set to 
"0", the received character is checked for odd parity. 
The additional bit per character is visible in the re- 
ceive data FIFO if the data plus parity is eight bits 
or less. The parity bit is not visible when there are 
eight data bits per character. The Parity Error bit in 
the receive error FIFO may be programmed to 
cause a Special Receive Condition interrupt by set- 
ting bit D2 of WR1 to "1 ". This error bit is latched and 
so will remain active, once set, until an Error Reset 
command has been issued. If interrupts are not 
used to transfer data the Parity Error, CRC Error, 
and Overrun Error bits in RR1 should be checked 
before the data is removed from the receive data 
FIFO. The character length may be changed at any 
time before the new number of bits has been as- 
sembled by the receiver, but, care should be exer- 
cised as unexpected results may occur. A 
representative example, switching from five bits to 
eight bits and back to five bits is shown in figure 27. 
It is sometimes desirable to prevent sync characters 
in the receive data stream from being transferred to 
the receive data FIFO. This function is available in 
the SCC by setting the Sync Character Load Inhibit 
bit (D1) in WR3 to "1". While this bit is set to "1", 
character about to be loaded into the receive data 
FIFO is compared with the contents of WR6. If all 
eight bits match the character, it is not loaded into 
the receive data FIFO. Because the comparison is 
across eight bits, this function works correctly only 
when the number of bits per character is the same 
as the sync character length. Thus it cannot be used 
with 1 2- or 1 6-bit sync characters. Both leading sync 
characters and sync characters embedded in the 
data will be properly removed in the case of an 8-bit 
sync character, but only the leading sync characters 
may be properly removed in the case of a 6-bit sync 
character. Care must be exercised in using thisfea- 
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ture because sync characters not transferred to the 
receive data FIFO will automatically be excluded 
from CRC calculation. This works properly only in 
the 8-bit case. 

Either of two CRC polynomials may be used in syn- 
chronous modes, selected by bit D2 in WR5. If this 
bit is set to "1", the CRC-16 polynomial is used, if 
this bit is set to "0", the CRC-CCITT polynomial is 
used. This bit controls the polynomial selection for 
both the receiver and transmitter. The initial state of 
the generator and checker is controlled by bit D7 of 
WR1 0. When this bit is set to "1 ", both the generator 
and checker will have an initial value of all ones, if 
this bit is set to "0", the initial values will be all "0s". 
The SCC presets the checker whenever the re- 
ceiver is in Hunt mode so a CRC reset command is 
not strictly necessary. However, the CRC checker 
may be preset by issuing the Reset CRC Checker 
command in WRO. This command is encoded in bits 

Figure 24 : Sync Character Programming. 



D 7 and D 6 of WRO. If CRC is to be used the CRC 
checker must be enabled by setting bit DO of WR3 
to "1 ". If sync characters are being stripped from the 
data stream, this may be done at any time before 
the first non-sync character is received. If the sync 
strip feature is not being used, CRC must not be en- 
abled until after the first data character has been 
transferred to the receive data FIFO. As previously 
mentioned, 8-bit sync characters stripped from the 
data stream are automatically excluded from CRC 
calculation. 

Some synchronous protocols require that certain 
characters be excluded from CRC calculation. This 
is possible in the SCC because CRC calculation 
may be enabled and disabled on the fly. To give the 
processor sufficient time to decide whether or not a 
particular character should be included in the CRC 
calculation , the SCC contains an 8-bit time delay be- 
tween the receive shift register and the CRC 
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Figure 25 : SYNC as an Output. Figure 26 : SYNC as an Input. 
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checker. The logic also guarantees that the calcu- 
lation will only start or stop on a character boundary 
by delaying the enable or disable until the next char- 
acter is loaded into the receive data FIFO. To un- 
derstand how this works refer to figure 28 and the 
following explanation. Consider a case where the 
SCC receives a sequence of eight bytes, called A, 
B, C, D, E, F, G and H with A receiver first. Now sup- 
pose that A is the sync character, that CRC is to be 
calculated on B, C, E, and F, and that F is the last 
byte of this message. Before A is received the re- 
ceiver is in Hunt mode and the CRC is disabled. 
When A is in the receive shift register it is compared 
with the contents of WR7. Since A is the sync char- 
acter, the bit patterns match and receiver leaves 
Hunt mode, but character A is not transferred to the 
receive data FIFO. The CRC remains disabled even 
though somewhere during the next eight-bit-time 
processor reads B and enables CRC. At the end of 

Figure 27 : Changing Character Length 



an eight-bit-time, B is in the 8-bit delay and C is in 
the receive shift register. At this point, B is loaded 
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bit times the processor reads B and enables CRC. 
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Shift register. 
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Now E is loaded into the receiver data FIFO and, at 
the same time, the CRC is disabled. During the next 
eight-bit-times the processor reads E and enables 
the CRC. During this time E shifts into the 8-bit 
delay, F enters the Receive Shift register and CRC 
is not being calculated on D. After these eight-bit- 
times have elapsed, E is in the 8-bit delay, and F is 
in the Receive Shift register. Now F is transferred to 
the receive data FIFO and CRC is enabled. During 
the next eight-bit-times the processor reads F and 
leaves the CRC enabled. The processor is usually 
aware that this is the last character in the message 
and so prepares to check the result of the CRC com- 
putation. However, another sixteen bit-times are re- 
quired before CRC has been calculated on all of 
character F. At the end of eight-bit-times F is in the 
8-bit delay and G is in the Receive Shift register. At 
this time G is transferred to the receive data FIFO. 
Character G must be read and discarded by the pro- 
cessor. Eight bit times later H is transferred to the 
receive data FIFO also. The result of a CRC. calcu- 
lation is latched in the receive error FIFO at the same 
time as data is written to the receive data Fl FO. Thus 
the CRC result through character F accompanies 

Figure 28 : Receive CRC Data Path. 



character H in the FIFO and will be valid in RR1 until 
character H is read from the receive data FIFO. The 
CRC checker may be disabled and reset at anytime 
after character H is transferred to the receive data 
FIFO. Recall, however, that internally CRC will not 
be disabled until a character is loaded into the re- 
ceive data FIFO so the reset command should not 
be issued until after this occurs. A better alternative 
is to place the receiver in Hunt mode, which auto- 
matically disables and resets the CRC checker. 

Up to two modem control signals associated with 
the receiver ar e available is synchronous modes. 
The DTR/REQ pin carries the inverted state of the 
DTR bit (D7) in WR5 unless this pin has bee n pro- 
grammed to carry a DMA Request signal. The DCD 
pin is ordinarily a simple input to the DCD bit in RRO. 
However, if the Auto Enables mode is selected by 
setting D5 of WR3 to "1", this pin becomes an en- 
able for the re ceiver. That is, if Auto Enables is on 
and the DCD p in is HIGH the receiver is disabled ; 
while the DCD pin is LOW the receiver is enabled. 

The initialization sequence for the receiver in syn- 
chronous modes is WR4 first, to select the mode, 
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then WR1 to modify it if necessary, WR6 and WR7 
to program the sync characters and then WR3 and 
WR5 to select the various options. At this point the 
other registers should be initialized as necessary. 
When all of this is complete the receiver is enabled 
by setting bit D of WR3 to "1". 

SYNCHRONOUS TRANSMIT. Once Synchronous 
mode has been selected, any of three sync charac- 
ter lengths may be selected. An 8-bit sync charac- 
ter is selected by setting bits D5 and D4 or WR4, as 
well as bit DO of WR1 to "0". With this option se- 
lected the transmitter sends the contents of WR6 
when it has no data to send. The 6-bit sync option 
requires the same programming except that bit DO 
of WR10 is set to "1" and only the least significant 
six bits of WR6 and used as a time fill. For a 16-bit 
sync character, set bit D4 of WR4 to "1 " and D5 of 
WR4 and bit Do of WR10 to "0". In this mode the 
transmitter sends the concatenation of WR6 and 
WR7 as a time fill. Because the receiver requires 
that sync characters be left-justified in the registers, 
while the transmitter requires them to be right-justi- 
fied, only the receiver will work with a 12-bit sync 
character. While the receiver is in External Sync 
mode the transmitter sync length may be six or eight 
bits, as selected by bit DO of WR1 0. 

The number of bits per transmitted character is con- 
trolled by bits D6 and D5 of WR5 and the way the 
data is formatted within the transmit buffer. The bits 
in WR5 allow the option of five, six, seven, or eight 
bits per character. When five bits per character is 
selected the data may be formatted before being 
written to the transmit buffer to allow transmission 
of from one to five bits per character. This format- 
ting is shown in table 5. In all cases the data must 
be right-justified, with the unused bits being ignored 
except in the case of five bits per character. An ad- 
ditional bit, carrying parity information, may be auto- 
matically appended to every transmitted character 
by setting bit DO of WR4 to "1 ". This parity bit is sent 
in addition to the number of bits specified in WR4 or 
by the data format. If this bit is set to "1 ", the trans- 
mitter will send even parity, if set to "0", the trans- 
mitted parity will be odd. 

Either of two CRC polynomials may be used in syn- 
chronous modes, selected by bit D2 in WR5. If this 
bit is set to "1 ", the CRC-1 6 polynomial is used and, 
if this bit is set to "0", the CRC-CCITT polynomial is 
used. This bit controls the selection for both the 
transmitter and receiver. The initial state of the gen- 
erator and checker is controlled by bit D7 of WR10. 
When this bit is set to "1", both the generator and 



checker will have an initial value of all ones, if this 
bit is set to "0", the initial values will be all zeros. The 
SCC does not automatically preset the CRC gener- 
ator, so this must be done in software. This is ac- 
complished by issuing the Reset Tx CRC Generator 
command, which is encoded in bits D7 and D6 of 
WR0. For proper results this command must be is- 
sued while the transmitter is enabled and sending 
sync characters. If CRC is to be used, the transmit 
CRC generator must be enabled by setting bit DO 
of WR5 to "1 ". This bit may also be used to exclude 
certain characters from the CRC calculation. Sync 
characters are automatically excluded from the 
CRC calculation and any characters written as data 
may also be excluded from the calculation by using 
bit Do of WR5. Internally, the CRC is enabled or dis- 
abled for a particular character at the same time as 
the character is loaded from the transmit buffer to 
the Transmit Shift register. Thus, to exclude a char- 
acter from CRC calculation bit, Do of WR5 should 
be set to "0" before the character is written to the 
transmit buffer. This guarantees that the internal dis- 
able will occur when the character moves from the 
buffer to the shift register. Once the buffer becomes 
empty, the Tx CRC Enable bit may be written for the 
next character. 

Enabling the CRC generator is not sufficient to con- 
trol the transmission of CRC. In the SCC this func- 
tion is controlled by the Tx Underrun/EOM bit, which 
may be reset by the processor and set by the SCC. 
When the transmitter underruns (both the transmit 
buffer and Transmit Shift register are empty) the 
state of the Tx Underrun/EOM bit determines the ac- 
tion taken by the SCC. If the tx Underrun/EOM bit is 
set when the underrun occurs, the transmitter will 
send sync characters, if this bit is reset when the 
underrun occurs, the transmitter will send the accu- 
mulated CRC followed by sync characters. When 
the CRC is loaded into the transmit Shift register for 
transmission, the SCC will set the Tx Under- 
run/EOM bit to indicate this. This transition may be 
programmed to cause an external/status interrupt, 
or the Tx Underrun/EOM is available in RR0. The 
Reset Tx Underrun/EOM Latch command is en- 
coded in bits D7 and D6 in WR0. For correct trans- 
mission of the CRC at the end of a block of data, 
this command must be issued after the first charac- 
ter is written to the SCC but before the transmitter 
underruns after the last character written to the 
SCC. The command is usually issued immediately 
after the first character is written to the SCC so that 
CRC will be sent if an underrun occurs inadvertent- 
ly during the block of data. 
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In synchronous modes, if the transmitter is disabled 
during transmission of a character, that character 
will be sent completely. This applies to both data and 
sync characters. However, if the transmitter is dis- 
abled during the transmission of CRC, the 16-bit 
transmission will be completed, but the remaining 
bits will come from the SYNC registers rather than 
the remainder of the CRC. 

There are two modem control signals asso ciate d with 
the transmitter provided by the SCC. The RTS pin is 
a simple output that carri es the inverted state of the 
RTS bit (D1 ) in WR5. The CTS pin is ordinarily a sim- 
ple input to the CTS bit in RRO. However, if Auto En- 
ables mode is selected this pin becomes an enable 
for the tr ansmitter. That is, if Auto Enables is on and 
the CTS pin is HIGH the transmitter is disabled. While 
the CTS pin is LOW, transmitter is enabled. 

The initialization sequence for the transmitter in syn- 
chronous modes is : WR4 first, to select the mode, 
then WR1 to modify it if necessary, WR6 and WR7 
to program the sync characters, then WR3 and WR5 
to program the sync characters, and then WR3 and 
WR5 to select the various options. At this point, the 
other registers should be initialized as necessary. 
When all of this is complete the transmitter may be 
enabled by setting bit D3 or WR5 to "1". Now that 
the transmitter is enabled the CRC generator may 
be initialized by issuing the Reset Tx CRC Gener- 
ator command in WRO. 

Transmitter to Receiver Synchronization. The 

SCC contains a transmitter-to-receiver synchroni- 



zation function that may be used to guarantee that 
the character boundaries for the received and trans- 
mitted data are the same. In this mode the receiver 
is in Hunt and the transmitter is idle, sending either 
all "1 s" or "Os". When the receiver recognizes a sync 
character, it leaves Hunt mode and one character 
time later the transmitter is enabled and begins 
sending sync characters. Beyond this point the re- 
ceiver and transmitter are again completely inde- 
pendent, except that the character boudaries are 
now aligned. This is shown in figure 29. There are 
several restrictions on the use of this feature in the 
SCC. First, it will only work with 6-bit, 8-bit or 1 6-bit 
sync characters, and the data character length for 
both the receiver and the transmitter must be six bits 
with a 6-bit sync character or eight bits with an 8-bit 
or 1 6-bit sync character. Of course, the receive and 
transmit clocks must have the same rate as well as 
the proper phase relation-ship. 

A specific sequence of operations must be followed 
to synchronize the transmitter to the receiver. Both 
the receiver and transmitter must have been in- 
itialized for operation in Synchronous mode some- 
time in the past, although this initialization need not 
be redone each time the transmitter is synchronized 
to the receiver. The transmitter is disabled by set- 
ting bit D3 of WR5 to "0". At this point the transmit- 
ter will send continuous "1s". If it is desired that 
continuous "1s". If it is desired that continuous "0s" 
be transmitted, the Send Break bit (D4) in WR5 
should be set to "1 ". The transmitter is now idling but 
must still be placed in the transmitter to receiver syn- 



Figure 29 : 


Transmitter to Receiver Synchronization. 
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PROGRAMMING DATA COMMUNICATION MODES (cont'd) 



chronization mode. This is accomplished by setting 
the Loop the processor should set the Go Active on 
Poll bit (D4) in WR10. The final step is to force the 
receiver to search for sync characters. If the receiver 
is currently disabled the receiver will enter Hunt 
mode when it is enabled by setting bit Do of WR3 to 
"1". If the receiver is already enabled it may be 
placed in Hunt mode by setting bit D4 of WR3 to "1 ". 
Once the receiver leaves Hunt mode the transmit- 
ter is activate on the following character boundary. 

SDLC Mode 

SDLC mode is useful in bit-oriented protocols. That 
is, protocols which use the technique of "0" insertion 
to achieve data transparency. In SDLC mode, frames 
of information are opened and closed by a unique bit 
pattern called a flag. The Flag character has a bit pat- 
tern of "01 111110" and this sequence is unique be- 
cause all data between the opening and closing flags 
is prohibited from having more than five consecutive 
"1 s". The transmitter guarantees this by watching the 
transmit data stream and inserting a "0" after five 
consecutive ones, irrespective of character bounda- 
ries. In turn, the receiver searches the receive data 
stream for five consecutive "1s" and deletes the next 
bit if it is a "0". CRC may be used in SDLC mode but 
only with the CRC-CCITT polynomial, because the 
transmitter in the SCC automatically inverts the CRC 
before transmission, and the receiver - to compen- 
sate for this - checks the CRC result for the bit pat- 
tern "0001110100001111". This is consistent with 
bit-oriented protocols such as SDLC, HDLC, and 
ADCCP. There are two unique bit patterns in SDLC 
mode besides the flag sequence. They are the Abort 
and EOP (End of Poll) sequence. An Abort is a se- 
quence of from seven to thirteen consecutive "1s" 
and is used to signal the premature termination of a 
frame. The EOP is the bit pattern "1111111 0", which 
is used in loop applications as a signal to a seconda- 
ry station that it may begin transmission. 

Table 6 : Residue Codes. 



SDLC mode is selected by setting bit D5 of WR4 
to "1" and bits D4, D3, and D2 of WR4 to "0". In ad- 
dition, the flag sequence must be written to WR7. 
Additional control bits for SDLC mode are located in 
WR10. 

SDLC Receive. The receiver in the SCC always 
searches the receive data stream for flag characters 
in SDLC mode. Ordinarily, the receiver transfers all 
received data between flags to the receive data 
FIFO. However, if the receiver is in Hunt mode no 
flag is received. The receiver is in Hunt mode when 
first enabled, or the receiver may be placed in Hunt 
mode by the processor issuing the Enter Hunt mode 
command in WR3. This bit (D4) is a command, and 
writing a "0" to it has no effect. The Hunt status of 
the receiver is reported by the Sync/Hunt bit in RR0. 
Sync/Hunt is one of the possible sources of exter- 
nal/status interrupts, with both transitions causing 
an interrupt. This is true even if the Sync/Hunt bit is 
set as a result of the processor issuing the Enter 
Hunt mode command. The receiver will automati- 
cally enter Hunt mode if an abort is received. Be- 
cause the receiver always searches the receive data 
stream for flags and automatically enter Hunt Mode 
when an abort is received, the receiver will always 
handle frames correctly, and the Enter Hunt Mode 
comman d shou ld never to needed. The SCC will 
drive the SYNC pin LOW to signal that a flag has 
been recognized. The timing for the SYNC signal is 
shown in figure 30. 

The first byte in an SDLC frame is assumed by the 
SCC to be the address of the secondary station for 
which the frame is intended. The SCC provides sev- 
eral options for handling this address. If the Address 
Search Mode bit (D2) in WR3 is set to "0", the ad- 
dress recognition logic is disabled and all received 
frames are transferred to the receive data FIFO. In 
this mode the software must perform any address 
recognition. If the Address Search Mode bit is set 
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to "1 ", only those frames whose address matches 
the address programmed in WR6 or the global ad- 
dress (all "1s") will be transferred to the receive data 
FIFO. The address comparison will be across all 
eight bits of WR6 if the Sync Character Load Inhibit 
bit (Di) in WR3 is set to "0". The comparison may 
be modified so that only the four most significant bits 
of WR6 must match the received address. This 
mode is selected by setting the Sync Character 
Load Inhibit bit to "1 ". In this mode, however, the ad- 
dress field is still eight bits wide. The address field 
is transferred to the receive data FIFO in the same 
manner as data. It is not treated differently than data. 

The number of bits per character is controlled by bits 
D7 and D6 of WR3. Five, six, seven, or eight bits per 
character may be selected via these two bits. The 
data is right-justified in the receive buffer. The SCC 
merely takes a snapshot of the receive data stream 
at the appropriate times, so the "unused" bits in the 
receive buffer are only the bits following the charac- 
ter in the data stream. An additional bit carrying 
parity information may be selected by setting bit D6 
of WR4 to "1 ". This also enables parity in the trans- 
mitter. The parity sense is selected by bit D1 of WR4. 
Parity is not normally used in SDLC mode. The char- 
acter length may be changed at any time before the 
new number of bits have been assembled by the re- 
ceiver. Care should be exercised, however, as un- 
expected results may occur. A representative 
example, switching from five bits to eight bits and 
back to five bits is shown in figure 31 . 

Most bit-oriented protocols allow an arbitrary num- 
ber of bits between opening and closing Flags. The 
SCC allows for this by providing three bits of 
Residue Code in RR1 that indicate which bits in the 
last few bytes transferred from the receive data 
FIFO by the processor are actually valid data bits. 
The meaning of these three bits with each charac- 
ter length option is shown in table 6. As indicated in 
the table, these bits allow the processor to deter- 
mine those bits in the information (and not CRC) 
field. This allows transparent retransmission of the 
received frame. The Residue Code bits do not go 
through a FIFO so they change in RR1 when the 
last character of the frame is loaded into the receive 
data FIFO. If there are any characters already in the 
receive data Fl FO the Residue Code will be updated 
before they are read by the processor. Thus these 
three bits off RR1 should be ignored by the proces- 
sor unless the End of Frame bit in RR1 is set. 

Only the CRC-CCITT polynomial may be used for 
CRC calculation in SDLC mode, although the gen- 
erator and checker may be preset to all "1s" or 



Figure 30 : SYNC as an Output. 
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all "Os". The CRC-CCITT polynomial is selected by 
setting D2 of WR5 to "0", bit D7 of WR10 controls 
the preset value. If this bit is set to "1", the gener- 
ator and checker are preset to "1 s", if this bit is reset, 
the generator and checker are preset to all "0s". The 
receiver expects the CRC to be inverted before 
transmission and so checks the CRC result against 
the value "0001 1 1 01 00001 1 1 1 ". The SCC presets 
the CRC checker whenever the receiver is in Hunt 
mode or whenever a flag is received so a CRC reset 
command is not strictly necessary. However, the 
CRC checker may be preset by issuing the Reset 
CRC Checker command in WRO. The CRC checker 
is automatically enabled for all data between the 
opening and closing flags by the SCC in SDLC 
mode, and the Rx CRC Enable bit (D3) in WR3 is ig- 
nored. The result of the CRC calculation for the en- 
tire frame is valid in RR1 only when accompanied 
by the end of Frame bit being set in RR1 . At all other 
times the CRC Error bit in RR1 should be ignored 
by the processor. Care must be exercised so that 
the processor does not attempt to use the CRC 
bytes that are transferred as data because not all of 

Figure 31 : Changing Character Length. 



the bits are transferred properly. The last two bits of 
CRC are never transferred to the receive data FIFO 
and are not recoverable. 

A frame is terminated by a closing flag. When the 
SCC recognizes this flag the contents of the Receive 
Shift register are transferred to the receive data 
FIFO, the Residue Code is latched, the CRC Error 
bit is latched in the status FIFO and the End Of 
Frame bit is set in the receive status FIFO. The End 
Of Frame bit, upon reaching the top of the FIFO, will 
cause a special receive condition. The processor 
may then read RR1 to determine the result of the 
CRC calculation as well as the Residue Code. If 
either the Rx Interrupt on Special Condition Only or 
the Rx Interrupt on First Character or Special Con- 
dition mode are selected, the processor must issue 
and Error Reset command in WRO to unlock the re- 
ceive FIFO. 

In addition to searching the data stream for flags, 
the receiver in the SCC also watches for seven con- 
secutive "1s", which is the abort condition. The 
presence of seven consecutive "1s" is reported in 
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the Break/Abort bit in RRO. This is one of the 
possible external/status interrupts, so transitions of 
this status may be programmed to cause interrupts. 
Upon receipt of an abort the receiver is forced into 
Hunt mode, where it looks for flags. The Hunt status 
is also a possible external/status condition whose 
transition may be programmed to cause an inter- 
rupt. The transitions of these two bits occur very 
close together but either one or two external/status 
interrupts may result. The abort condition is termi- 
nated when a "0" is received, either by itself or as 
the leading "0" of a flag. The receiver does not leave 
Hunt mode until a flag has been received so two dis- 
crete external/status conditions will occur at the end 
of an abort. An abort received in the middle of a 
frame terminates the frame reception, but no in an 
orderly manner, because the character being as- 
sembled is lost. 

Up to two modem control signals associated with 
the receiv er are available in SDLC mode. The 
DTR/REQ pin carries the inverted state of the DTR 
bit (D7) in WR5 unless this pin has been pro- 
grammed to carry a DMA Request signal. The DCD 
pin is ordinarily a simple input to the DCD bit in RRO. 
However, if the Auto Enables mode is selected by 
setting bit D5 of WR3 to "1 ", this pin becomes an en- 
able for the r eceiver. That is, if Auto Enable is on 
and the DCD p in is HIGH the receiver is disabled. 
While the DCD pin is LOW, the receiver is enabled. 

The initialization sequence for the receiver in SDLC 
mode is : WR4 first, to select the mode, then WR1 
to modify it if necessary, WR6 to program the ad- 
dress, WR7 to program the flag and the WR3 and 
WR5 to select the various options. At this point the 
other registers should be initialized as necessary. 
When all of this is complete the receiver may be en- 
abled by setting bit De of WR3 to "1 ". 

SDLC Transmit. Once SDLC mode has been se- 
lected, the flag must be written in WR7, to be used 
to open and close the transmitted frames. The SCC 
does not automatically send the address byte ; it 
merely encapsulates the data supplied by the pro- 
cessor with flags and CRC. Ordinarily, a frame will 
be terminated by the SCC with CRC and a flag but 
the SCC may be programmed to send an abort and 
a flag in place of the CRC. This option allows the 
SCC to abort a frame transmission in progress if the 
transmitter is accidentally allow ed to underrun. This 
is controlled by the Abort/Flag On Underrun bit (D2) 
in WR1 0. When this bit is set to "1" the transmitter 
will send an abort and a flag in place of the CRC 
when an underrun occurs. The frame will be termi- 
nated normally, with CRC and a flag, if this bit is set 



to "0". The SCC is also able to send an abort by com- 
mand of the processor. The Send Abort command, 
issued in WRO, will send eight consecutive "1 s" and 
then the transmitter will idle. Since up to five conse- 
cutive "1s" may have been sent prior to the com- 
mand being issued, a Send Abort will cause a 
sequence of from eight to thirteen "1s" to be trans- 
mitted. The Send Abort command also empties the 
transmit buffer register. The idle condition for the 
transmitter is continuous flags, but this i s under pro- 
gram control. By setting the Mark/Flag Idle bit (D3) 
in WR1 to "1 ", the transmitter will send continuous 
"1s" in place of the idle flags. Note that the closing 
flag will be transmitt ed co rrectly even if this mode is 
selected. The Mark/Flag Idle must be set to "0", 
allowing a flag to be transmitted, before data is writ- 
ten to the transmit buffer. Care must be exercised 
in doing this because the continuous "1 s" are trans- 
mitted eight at a time, and all eight must leave the 
Transmit Shift register, so that flag may be loaded 
into it before the first data is written to the transmit 
buffer. When using the transmitter in SDLC mode, 
recall that all data passes through the zero inserter, 
which adds an extra five bit times of delay between 
the Transmit Shift register and the Transmit Data 
pin. 

The number of bits per transmitted character is con- 
trolled by bits D6 and D5 of WR5 and the way the 
data is formatted within the transmit buffer. The bits 
in WR5 allow the option of five, six, seven, or eight 
bits per character. When five bits per character is 
selected, the data may be formatted before being 
written to the transmit buffer, to allow transmission 
of one to five bits per character. This formatting is 
shown in table 3. In all cases the data must be right- 
justified, with the unused bits being ignored, except 
in the case of five bits per character. 

An additional bit, carrying parity information, may be 
automatically appended to every transmitted char- 
acter by setting bit D6 of WR4 to "1 ". This bit is sent 
in addition to the number of bits specified in WR4 or 
by the data format. The parity sense is selected by 
bit D1 of WR4. Parity is not normally used in SDLC 
mode. The character length may be changed on the 
fly, but the desired length must be selected before 
the character is loaded into the transmit shift regis- 
ter from the transmit buffer. The easiest way to en- 
sure this is to write to WR5 to change the character 
length before writing the data to the transmit buffer. 

Only the CRC-CCITT polynomial may be used in 
SDLC mode. This is selected by setting bit D2 in 
WR5 to "0". This bit controls the selection for both 
the transmitter and receiver. The initial state of the 
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generator and checker is controlled by bit D7 of 
WR10. When this bit is set to "1", both the gener- 
ator, and checker sill have an initial value of all "1s" 
and, if this bit is set to "0", the initial values will be all 
"0s". The SCC does not automatically preset the 
CRC generator so this must be done in software. 
This is accomplished by issuing the Reset Tx CRC 
generator command, which is encoded in bits D7 
and D6 of WRO. For proper results, this command 
must be issued while the transmitter is enabled and 
idling. If CRC is to be used the transmit CRC gener- 
ator must be enabled by setting bit DO of WR5 to "1 ". 
CRC is normally calculated on all characters be- 
tween opening and closing flags, so this bit is usually 
set to "1 " at initialization and never changed. 

Enabling the CRC generator is not sufficient to con- 
trol the transmission of CRC. In the SCC this func- 
tion is controlled by the Tx Underrun/EOM bit, which 
may be reset by the processor and set by the SCC. 
When the transmitter underruns (both the transmit 
buffer and transmit shift register are empty) the state 
of the Tx Underrun EOM bit determines the action 
taken by the SCC. If the Tx Underrun/EOM bit is set 
to "1 " when the underrun occurs, the transmitter will 
send flags ; if this bit is reset to "0" when the under- 
run occurs, the transmitter will send either the accu- 
mulated CRC followed by flags, or an abort follow ed 
by flags, depending the state of the Abort/Flag on 
Underrun bit in the WR10. When the CRC or abort 
is loaded into the Transmit Shift register for trans- 
mission, the SCC will set the Tx Underrun/EOM bit 
to indicate this. This transition may be programmed 
to cause an external/status interrupt, or the Tx 
Underrun/EOM bit is available in RRO. The Reset Tx 
Underrun/EOM Latch command is encoded in bits 
D7 and D 6 of WRO. 

For correct transmission of the CRC at the end of a 
frame, this command must be issued after the first 
character is written to the SCC but before the trans- 
mitter underruns after the last character written the 
SCC. The command is usually issued immediately 
after the first character is written to the SCC so that 
the abort or CRC is s ent if an underrun occurs inad- 
vertently. The Abort/Flag on Underrun bit (D2) in 
WR10 is usually set to "1" at the same time as the 
Tx Underrun/EOM bit is reset so that an abort sill be 
sent if the transmitter underruns. The bit is then set 
to "0" near the end of the frame to allow the correct 
transmission of CRC. 

In this paragraph the term "completely sent" means 
shifted out of the Transmit Shift register, not shifted 
out of the zero inserter, which is an additional five 
bit times of delay. In SDLC mode, if the transmitter 



is disabled during transmission of a character, that 
character will be "completely sent". This applies to 
both data and flags. However, if the transmitter is 
disabled during the transmission of CRC, the 1 6-bit 
transmission will be completed but the remaining 
bits will be from the Flag register rather than the re- 
mainder of the CRC. 

There are two modem control signals associ ated 
with the transmitter provided by the SCC. The RTS 
pin is a simple output that carrie s the inverted state 
of the RTS bit (D1) in WR5. The CTS pin is ordinar- 
ily a simple input to the CTS bit in RRO. However, if 
Auto Enables mode is selected, this pin becomes an 
enable for t he tra nsmitter. That is, if Auto Enables is 
on and the CTS pin is HIGH the transmitter is dis- 
abled. If the CTS pin is LOW, the transmitter is en- 
abled. 

The initialization sequence for the transmitter in 
SDLC mode is : WR4 first, to select the mode, then 
WR1 to modify it if necessary, WR7 to program the 
flag, and then WR3 and WR5 to select the various 
options. At this point the other registers should be 
initialized as necessary. When all of this is complete, 
the transmitter may be enabled by setting bit D3 of 
WR5 to "1 ". Now that the transmitter is enabled, the 
CRC generator may be initialized by issuing the 
Reset Tx CRC Generator command in WRO. 

SDLC Loop Mode. SDLC Loop mode is quite simi- 
lar to SDLC mode except that two additional control 
bits are used. They are the Loop Mode bit (D1) and 
the Go Active on Poll bit (D 4 ) in WR10. In addition to 
these two extra control bits, there are also two status 
bits in RR10. They are the On Loop bit (D1) and the 
Loop Sending bit (D4). Before Loop mode is selected 
both the receiver and transmitter must be complete- 
ly initialized for SDLC operation. Once this is done, 
Loop mode is selected by setting bit D1 of WR10 to 
"1 ". At this point the SCC connects TxD to RxD with 
only gate delays in the path. At the same time a flag 
is loaded into the Transmit Shift register, and is shif- 
ted to the end of the zero inserter, ready for transmis- 
sion. The SCC will remain in this state until the Go 
Active on Poll bit (D4) in WR10 is set to "1". When 
this bit is set to "1" the receiver begins looking for a 
sequence of seven consecutive "1 s", indicating either 
an EOP or an idle line. When the receiver detects this 
condition the Break/Abort bit in RRO is set to "1 " and 
a one-bit time delay is inserted in the path from RxD 
to TxD. The On Loop bit in RR1 is also set to "1 " at 
this time, and the receiver enters the Hunt mode. The 
SCC cannot transmit on the loop until a flag is recei- 
ved, causing the receiver to leave Hunt mode, and 
another EOP (bit pattern "11111110") is received. 
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The SCC is now on the loop and capable of trans- 
mitting on the loop. As soon as this status is recogni- 
zed by the processor, the Go Active On Poll bit in 
WR1 should be set to "0" to prevent the SCC from 
transmitting on the loop without the consent of the 
processor. 

To transmit a message on the loop, the Go Active 
On Poll bit in WR1 must be set to "1 ". Once this is 
done, the SCC will change the next received EOP 
into Flag and begin transmitting on the loop. When 
the EOP is received, the Break/Abort and Hunt bits 
in RRO will be set to "1 ", and the Loop Sending bit 
in RR1 will also be set to "1 ". Data to be transmitted 
may be written after the Go Active On Poll bit has 
been set or after the receiver enter Hunt mode. If 
the data is written immediately after the Go Active 
On Poll bit has been set, the SCC will only insert 
one flag after the EOP is changed into a flag. If the 
data is not written until after the receiver enters the 
Hunt mode, flags will be transmitted until the data is 
written. If only one frame is to be transmitted on the 
loop in response to an EOP, the processor must set 
the Go Active on Poll bit to "0" before the last data 
is written to the transmitter. In this case the trans- 
mitter will close the frame with a single flag, and then 
revert to the one-bit delay. The Loop Sending bit in 
RR10 is set to "0" when the closing Flag has been 
sent. If more than one frame is to be transmitted, 
the Go Active On Poll bit should not be set to "0" 
until the last frame is being sent. If this bit is not set 
to "0" before the end of a frame, the transmitter will 
send Flags until either more data is written to the 
transmitter, or until the Go Active On Poll bit is set 
to "0". Note that th e sta te of the Abort/Flag on 
Underrun and Mark/Flag Idle bits in WR10 are ig- 
nored by the SCC in SDLC Loop mode. 

To go off the loop in an orderly manner requires ac- 
tions similar to those taken to go the loop. First, the 
Go Active On Poll bit must be set to "0" and any 
transmission in progress completed, if the SCC is 
currently sending on the loop. Once the SCC is not 
sending on the loop, an exit from the loop is accom- 
plished by setting the Loop Mode bit in WR1 to "0", 
and at the same ti me w riting the Abort/Flag on 
Underrun and Mark/Flag Idle bits with the desired 
values. The SCC will revert to normal SDLC oper- 



ation as soon as an EOP is received, or immediate- 
ly, if the receiver is already in Hunt mode because 
of the receipt of an EOP. 

The initialization sequence for the SCC in SDLC 
Loop mode is similar to the sequence used in SDLC 
mode, except that it is somewhat longer. The pro- 
cessor should program WR4 first, to select SDLC 
mode, and then WR10 to select the CRC preset 
value and program the Mark/Flag Idle bit. The Loop 
Mode and Go Active On Poll bits in WR10 should 
not be set to "1 " yet. The flag is written in WR7 and 
the various options are selected in WR3 and WR5. 
At this point the other registers should be initialized 
as necessary, then Loop Mode bit (Di) in WR10 
should be set to "1 ". When all of this is complete the 
transmitter may be enabled by setting bit D3 of WR5 
to "1 ". Now that the transmitter is enabled, the CRC 
generator may be initialized by issuing the Reset 
TxCRC Generator command in WR0. The receiver 
is enabled by setting the Go Active on Poll bit (D4) 
in WR1 to "1 ". The SCC will go on the loop when 
seven consecutive "1s" are received, and will signal 
this by setting the On Loop bit in RR10. Note that 
the seven consecutive "1s" will set the Break/Abort 
and Hunt bits in RRO also. Once the SCC is on the 
loop, the Go Active on Poll bit should be set to "0" 
until a message is to be transmitted on the loop. To 
transmit a message on the loop, the Go Active on 
Poll bit should be set to "1 ". At this point the proces- 
sor may either write the first character to the trans- 
mit buffer and wait for a transmit buffer empty 
condition, or wait for the Break/Abort and Hunt bits 
to be set in RR10 and the Loop Sending bit to be 
set in RR1 before writing the first data to the trans- 
mitter. The Go Active On Poll bit should be set to 
"0" after the transmission of the frame has begun. 
To go off of the loop, the processor should set the 
Go Active On Poll bit in WR10 to "0" and then wait 
for the Loop Sending bit in RR1 to be set to "0". At 
this point the Loop Mode bit (D1 ) in WR1 is set to 
"0" to request an orderly exit from the loop. The SCC 
will exit SDLC Loop mode when seven consecutive 
"1s" have been received ; at the same time the 
Break/Abort and Hunt bits in RRO will be set to "1", 
and the On Loop bit in RR10 will be set to "0". 
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SUPPORT CIRCUITRY PROGRAMMING 

The SCC incorporates additional circuitry to aid in 
serial communications. This circuitry includes clock- 
ing options, baud rate generator, data encoding, 
and internal loopback. This section discusses how 
to program these functions. 

Clock Options 

The SCC may be programmed to select one of sev- 
eral sources to provide the transmit and receive 
clocks. In addition, the SCC requires a fundamen- 
tal, parallel resonant crystal oscillator in each chan- 
nel, as well as the ability to echo one of several 
internal clock sources to the outside world. These 
options are controlled by the bits in WR1 1 . 

The crystal oscillator option is controlled by bit D7 in 
WR1 1 . When this is set to "0", the crystal oscillator 
is disabled and all pins function normally. When this 
bit is set to "1" the crystal oscillator is enabled and 
a high -gain ampli fier is connected between the 
RTxC pin and the SYNC pin. While the cr ystal os- 
cillator is enabled, anything that has RTxC selected 
as its clock source will automatically be connected 
to the output of the crystal o scillator . While the crys- 
tal oscillator is enabled, the SYNC pin is obviously 
unavailable for other use. In synchronous modes no 
sync pulse is output, and the External Sync mode 
cannot be selected. In asynchronous modes the 
state of the S ync/Hu nt bit in RRO is no longer con- 
trolled by the SYNC pin. Instead, the Sync/Hunt bit 
is forced to "0". The crystal oscillator requires some 
finite time to stabilize. The oscillator must be allowed 
to stabilize before it is used as a clock source. 

The source of the receive clock is controlled by bits 
D6 and D5 of WR1 1 . The r eceive clock m ay be pro- 
grammed to come from the RTxC pin, the TRxC pin, 
the output of the baud rate generator, or the trans- 
mit output of the DPLL. 

The source of the transmit clock is controlled by bits 
D4 and D3 of WR1 1 . The tr ansmit clock m ay be pro- 
grammed to come from the RTxC pin, the TRxC pin, 
the output of the baud rate generator, or the trans- 
mit output of the DPLL. 

Ordinarily the TRxC pin is an input, but it becomes 
on output if this pin has not been selected as the 
source for the transmitter or the receiver, and bit D2 
of WR11 is set to "1 " . The selection of the signal 
provided on the TRxC outp ut pin is controlled by bits 
D1 and DO of WR11. The TRxC pin may be pro- 
grammed to provide the output of the crystal oscil- 



lator, the output of the baud rate generator, the re- 
ceive output of the DPLL or the actual transmit 
clock. If the output of the crystal oscillator is selected 
but th e crystal oscillator has not been enabled the 
TRxC pin will be driven HIGH. The opt ion of placing 
the transmit clock signal on the TRxC pin when it is 
an output allows access to the transmit output of the 
DPLL 

Figure 32 shows a simplified schematic diagram of 
the circuitry used in the clock multiplexing. It shows 
the inputs to the multiplexer section as well as the 
various signal inversions that occur in the paths to 
the outputs. Also shown are the edges used by the 
receiver, transmitter, baud rate generator and DPLL 
to sample or send data or otherwise change state. 
For example, the receiver samples data on the fall- 
ing edge, but sinc e there is an inversion in the clock 
path between t he RTx C pin and the receiver, a ris- 
ing edge of the RTxC pin samples the data for the 
receiver. 

Selection of the clocking options may be done any- 
where in the initialization sequence, but the final 
values must be selected before the receiver, trans- 
mitter, baud rate generator, or DPLL are enabled to 
prevent problems from arbitrarily narrow clock sig- 
nals out of the multiplexers. The same is true of the 
crystal oscillator, in that the output should be allowed 
to stabilize before it is used as a clock source. 

Baud Rate Generator 

Figure 33 shows a block diagram of the baud rate 
generator. It consists of a 1 6-bit down-counter, two 
8-bit time constant registers and an output divide- 
by-two. The baud rate generator input comes from 
the output of a two-input multiplexer, the zero count 
condition is output to the External/Status Interrupt 
Section. The baud rate generator may be enabled 
and disabled by command and is disabled by a 
hardware reset. 

The time constant for the baud rate generator is pro- 
grammed in WR12 and WR13, with the least-signi- 
ficant byte in WR1 2. The formulas relating the baud 
rate to the time constant and vice versa are shown 
with an example. In these formulas the baud rate 
generator clock frequency is in Hertz, the desired 
baud rate in bits/second and the time constant is 
dimensionless. The example in table 7 assumes a 
2.4576MHz clock factor of 16 and shows the time 
constant for a number of popular baud rates. 
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SUPPORT CIRCUITRY PROGRAMMING (cont'd) 
Time Constant Formulas : 

Clock Frequency 



Table 7 : Baud Rate Example. 



Time Constant = 



--2 
2 ■ (Clock Mode) ■ (Baud Rate) 

Clock Frequency 



Baud Rate = 



2 ■ (Clock Mode) ■ (Time Const. + 2) 

The clock source for the baud rate generator is se- 
lected by bit Di of WR14. When this bit is set to "0" 
the baud rate generator uses the signal on the TxC 

Figure 32 : Clock Multiplexer. 
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14 
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62 
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254 
510 


OOOOH 
0002H 
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OOOEH 
001 EH 
003EH 
007EH 
OOFEH 
01FEH 
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SUPPORT CIRCUITRY PROGRAMMING (cont'd) 

pin as its clock, independent of whether the TxC pin 
is a simple input or part of the crystal oscillator cir- 
cuit. When this bit is set to "1 " the baud rate gener- 
ator is clocked by PCLK. To avoid metastable 
problems in the counter, this bit should be changed 

Figure 33 : Baud Rate Generator. 



only while the baud rate generator is disabled, since 
arbitrarily narrow pulses can be generated at the 
output of the multiplexer when it changes status. 
The baud rate generator is enabled while bit Do of 
WR14 is set to "1" and is disabled while this bit is 
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Figure 34 : Baud Rate Generator Start-Up. 
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SUPPORT CIRCUITRY PROGRAMMING (cont'd) 

set to "0". To prevent metastable problems when the 
baud rate generator is first enabled, the enable bit 
is synchronized to the baud rate generator clock. 
This introduces an additional delay then the baud 
rate generator is first enabled and this is shown in 
figure 34. The baud rate generator is disabled im- 
mediately when bit Do of WR1 4 is set to "0", because 
the delay is only necessary on startup. The baud 
rate generator may be enabled and disabled on the 
fly, but this delay on startup must be taken into con- 
sideration. 

Upon reaching a count of "0" the time constant held 
in WR12 and WR13 is reloaded into the down- 
counter so that the process of counting down may 
start over. In addition to reloading the time constant, 
the output of the baud rate generator toggles, and 
for the clock cycle with a zero count, the zero count 
signal goes active to the External/Status Section. 
This zero count condition from the baud rate gener- 
ator does not persist, so if it is to be used by the pro- 
cessor, it should be latched in the External/Status 
latch. While the baud rate generator is disabled the 
state of the zero count signal is held. This signal is 
forced active by a hardware reset. 



Initializing the baud rate generator is done in four 
steps. First, the time constant is determined and 
loaded into WR1 2 and WR1 3. Next, the processor 
must select the clock source for the baud rate gen- 
erator by writing to bit Di of WR1 4. Finally, the baud 
rate generator is enabled by setting bit Do of WR14 
to "1 ". Note that the first write to WR1 4 is not necess- 
ary aft er a ha rdware reset if the clock source is to 
be the RTxC pin. This is becau se a hardware reset 
automatically selects the RTxC pin as the baud rate 
generator clock source. 

Data Encoding 

The SCC provides four different data encoding 
methods, selected by bits D6 and D5 in WR10. An 
example for these four encoding methods is shown 
in figure 35. Any encoding method may be used in 
any X1 mode in the SCC, asynchronous or syn- 
chronous. The data encoding selected is active 
even though the transmitter or receiver may be id- 
ling or disabled. 

In NRZ encoding a "1 " is represented by a HIGH level 
and a "0" is represented by a LOW level. In this en- 
coding method only a minimal amount of clocking in- 



Figure 35 : Data Encoding Methods. 
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SUPPORT CIRCUITRY PROGRAMMING (cont'd) 

formation is available in the data stream in the form 
of transitions on bit-cell boundaries. In an arbitrary 
data pattern this may not be sufficient to generate a 
clock for the data from the data itself. In the case of 
SDLC, where the number of consecutive "1s" in the 
data stream is limited, a minimum number of transi- 
tions to generate a clock are guaranteed. 

In FM1 encoding, also known as biphase mark, a 
transition is present on every bit cell boundary, and 
an addition transition may be present in the middle 
of the bit cell. In FM1 a "0" is sent as no transition in 
the center of the bit cell and a "1 " is sent as a tran- 
sition in the center of the bit cell. FM1 encoded data 
contains sufficient information to recover a clock 
from the data. 

In FMO encoding, also known as biphase space, a 
transition is present on every bit cell boundary and 
an additional transition may be present in the middle 
on the bit cell. In FMO a "1" is sent as no transition 
in the center of the bit cell and a "0" is sent as a tran- 
sition in the center of the bit cell. FMO encoded data 
contains sufficient information to recover a clock 
from the data. 

The data encoding method should be selected in 
the initialization procedure before the transmitter 
and receiver are enabled but no other restrictions 
apply. Note, in figure 35, that in NRZ and NRZI the 
receiver samples the data only on one edge. How- 
ever, in FM1 and FMO the receiver samples the data 
on both edges. Also, as shown in figure 5-4, the 
transmitter defines bit cell boundaries by one edge 
in all cases and uses the other edge in FM1 and 
FMO to create the mid-bit transition. 

Digital Phase-locked Loop 

Figure 36 shows a block diagram of the digital 
phase-locked loop. It consists of a 5-bit counter, an 
edge detector, and a pair of output decoders. The 
clock for the DPLL comes from the output of a two- 
input multiplexer, and the two outputs go to the 
transmitter and receive clock multiplexers. The 

Figure 36 : Digital Phase-Locked Loop. 



DPLL is controlled by the seven commands that are 
encoded in bits D7, D6 and D5 of WR1 4. 

The clock for the DPLL is selected by two of the com- 
mands in WR14. One command selects the output 
of the baud rate generator as the clock s ource, and 
the other command selects the RTxC pin as the 
clock source, independent of whether the RTxC pin 
is a simple input or part of the crystal oscillator cir- 
cuit. To avoid metastable problems in the counter, 
the clock source selection should be made only 
while DPLL is disabled, since arbitrarily narrow pul- 
ses can be generated at the output of the multiplexer 
when it changes status. 

The DPLL is enabled by issuing the Enter Search 
Mode command in WR14. This command is also 
used to reset the DPLL to a known state if it is sus- 
pected that synchronization has been lost. When 
used to enable the DPLL, the Enter Search Mode 
command unlocks the counter, which is held while 
the DPLL is disabled and enables the edge detec- 
tor. If the DPLL is already enabled when this com- 
mand is issued, the DPLL also enters Search Mode. 
While in Search mode, the counter is held at a spe- 
cific count and no outputs are provided. The DPLL 
remains in this status until an edge is detected in the 
receive data stream. This first edge is assumed to 
occur on a bit cell boundary, and the DPLL will begin 
providing an output to the receiver that will properly 
sample the data. From this point on the DPLL will 
adjust its output to remain in phase with the receive 
data. If the first edge that the DPLL sees does not 
occur on a bit cell boundary, the DPLL will event- 
ually lock on to the receive data but it will take longer 
to do so. 

The DPLL may be programmed to operate in either 
of two modes, as selected by command in WR14. 
In the NRZI mode the DPLL clock must be 32 times 
the date rate. In this mode the transmit and receive 
clock outputs of the DPLL are identical, and the 
clocks are phased so that the receiver samples the 
data in the middle of the bit cell. In NRZI mode the 
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SUPPORT CIRCUITRY PROGRAMMING (cont'd) 

DPLL does not require a transition in every bit cell, 
so this mode is useful for recovering the clocking in- 
formation from NRZ and NRZI data streams. In the 
FM mode the DPLL clock must be 1 6 times the data 
rate. In this mode the transmit clock output of the 
DPLL lags the receive clock outputs by 90o, to make 
the transmit and receive bit cell boundaries the 
same, because the receiver must sample FM data 
at one-quarters and three-quarters bit time. In FM 
mode the DPLL requires a transition in every bit cell, 
and if this transition is not present in two consecu- 
tively sampled bit cells, the DPLL will automatically 
enter the search mode. As in the case of the clock 
source selection, the mode of operation should only 
be changed while the DPLL is disabled to prevent 
unpredictable results. 

NRZI Mode Operation 

To operate in NRZI mode the DPLL must be sup- 
plied with a clock that is 32 times the data rate. The 

Figure 37 : DPLL in NRZI Mode. 



DPLL uses this clock, along with the receive data, 
to construct receive and transmit clock outputs that 
are phased to properly receive and transmit data. 
To do this, the DPLL divides each bit cell into four 
regions, and makes an adjustment to the count 
cycle of the 5-bit counter dependent upon in which 
region a transition on the receive data input occured. 
This is shown in figure 37. Ordinarily, a bit cell 
boundary will occur between count 1 5 and count 1 6, 
and the DPLL output will cause the data to be sam- 
pled in the middle of the bit cell. The DPLL actually 
allows the transition marking a bit cell boundary to 
occur anywhere during the second half of count 1 5 
or the first half of count 1 6 without making a correc- 
tion to its count cycle. However, if the transition 
marking a bit cell boundary occurs between the 
middle of count 1 6 and count 31 the DPLL is samp- 
ling the data too early in the bit cell. In response to 
this the DPLL extends its count by one during the 
next to 31 counting cycle, which effectively moves 
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Figure 38 : DPLL Operating Example. 
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SUPPORT CIRCUITRY PROGRAMMING (cont'd) 

the edge of the clock that samples the receive data 
closer to the center of the bit cell. In a similar man- 
ner, if the transition occurs between count and the 
middle of count 1 5, the output of the DPLL is samp- 
ling the data too late in the bit cell. To correct this, 
the DPLL shortens its count by one during the next 
to 31 counting cycle, which effectively moves the 
edge of the clock that samples the receive data 
closer to the center of the bit cell. In NRZI mode, if 
the DPLL does not see any transition du ring a count- 
ing cycle, no adjustment is made in the following 
counting cycle. If an adjustment to the counting 
cycle is necessary the DPLL modifies count five, 
either deleting it or doubling it. Thus only the LOW 
time of the DPLL output will be lengthened or short- 
ened. While the DPLL is in search mode, the counter 
remains at count 16, where the DPLL outputs are 
both HIGH. The missing clock latches in the DPLL 
which may be accessed in RR10, are not used in 
NRZI mode. An example of the DPLL in operation 
is shown in figure 38. 

FM Mode Operation 

To operate in FM mode the DPLL must be supplied 
with a clock that is 1 6 times the data rate. The DPLL 
uses this clock, along with the receive data, to con- 
struct receive and transmit clock outputs that are 
phased to receive and transmit data properly. In FM 
mode that the counter in the DPLL still counts from 
to 31 but now each cycle corresponds to 2-bit cells. 
To make adjustments to remain in phase with the 

Figure 39 : DPLL in FM Mode. 



receive data, the DPLL divides a pair of bit cells into 
five regions, making the adjustment to the counter 
dependent upon which region the transition on the 
receive data input occured. This is shown in figure 
39. Ordinarily a bit cell boundary will occur between 
count 15 or count 16, and the DPLL receive output 
will cause the data to be sampled at one-fourth and 
three-fourths of the way through the bit cell. The 
DPLL actually allows the transition marking a bit-cell 
boundary to occur anywhere during the second half 
of count 1 5 or the first half of count 1 6 without mak- 
ing a correction to its count cycle. However, if the 
transition marking a bit cell boundary occurs be- 
tween the middle of count 1 6 and the middle of count 
1 9 the DPLL is sampling the data too early in the bit 
cell. In response to this the DPLL extends its count 
by 1 during the next to 31 counting cycle, which 
effectively moves the receive clock edges closer to 
where they should be. In FM mode any transitions 
occurring between the middle of count 19 in one 
cycle and the middle of count 12 during the next 
cycle are ignored by the DPLL. This is necessary to 
guarantee that any data transitions in the bit cells 
will not cause an adjustment to the counting cycle. 

In FM mode the transmit clock and receive clock out- 
puts from the DPLL are not in phase. This is necess- 
ary to make the transmit and receive bit cell 
boundaries coincide, since the receive clock must 
sample the data one-fourth and three-fourths of the 
way through the bit cell. As in NRZI mode, if an ad- 
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SUPPORT CIRCUITRY PROGRAMMING (cont'd) 

justment to the counting cycle is necessary, the 
DPLL modifies count 5, either deleting it or doubling 
it. If no adjustment is necessary, the count sequence 
proceeds normally. While the DPLL is in search 
mode, the counter remains at count 1 6, where the 
receive output is LOW and the transmit output is 
LOW. This fact can be used to provide a transmit 
clock under software control since the DPLL is in 
search mode while it it disabled. While the DPLL is 
disabled the transmit clock output of the DPLL may 
be toggled by alternately selecting FM and NRZI 
move in the DPLL. The same is true of the receive 
clock. 

In addition to FM encoded data, the DPLL may also 
be used to recover the clock from Manchester en- 
coded data, which contains a transition at the center 
of every bit cell. Here it is the direction of the transi- 
tion that distinguishes a "1" from a "0". Another way 
of looking at Manchester encoding is to realize that, 
during the first half of the bit cell the data is sent, dur- 
ing the second half of the bit cell the complement of 
the data is sent. This is shown in figure 40, along with 
the DPLL output if it thinks that the mid-bit transitions 
are really bit cell boundaries. As is obvious from the 
figure, if the receiver samples the data on the falling 
edge of the DPLL receive clock output, the Manches- 
ter data will be properly decoded. This occurs if the 
receiver is programmed to accept NRZ data. 

From the above discussion together with an exam- 
ination of FMO and FM1 data encoding, it should be 
obvious that only clock transitions should exist on the 
receive data pin when the DPLL is programmed to 
enter search mode. If this is not case the DPLL may 
attempt to lock on to the data transitions. With FMO 
encoding this requires continuous "1s" received 
when leaving search. In FM1 encoding it is continu- 
ous "0s" ; which Manchester encoded data this 
means alternating "1s" and "0s". With all three of 
these data encoding methods there will always be at 
least one transition in every bit cell, and in FM mode 

Figure 40 : Manchester Clock Recovery. 



the DPLL is designed to expect this transition. In par- 
ticular, if no transition occurs between the middle of 
count 1 2 and the middle of count 1 9, the DPLL is pro- 
pably not locked onto the data properly. When the 
DPLL misses an edge the One Clock Missing bit is 
RR1 is set to "1 " and latched. It will hold this value 
until a Reset Mission Clock command is issued in 
WR14 or until the DPLL is disabled or programmed 
to enter the Search mode. Upon missing this one 
edge the DPLL takes no other action and does not 
modify its count during the next counting cycle. How- 
ever, if the DPLL does not see an edge between the 
middle of count 1 2 and the middle of count 1 9 in two 
successive to 31 count cycles, a line error condi- 
tion is assumed. If this occurs, the two Clocks Mission 
bit in RR1 is set to "1 " and latched. At the same time 
the DPLL enters the Search mode. The DPLL makes 
the decision to enter Search mode during count 2, 
where both the receive clock and transmit clock out- 
puts are LOW. This prevents any glitches on the 
clock outputs when search mode is entered. While 
in search mode no clock outputs are provided by the 
DPLL. The Two Clocks Missing bit in RR1 is latched 
until a Reset Missing Clock command is issued in 
WR1 4, or until the DPLL is disabled or programmed 
to enter the Search mode. 

DPLL INITIALIZATION 

Initialization of the DPLL may be done at any time 
during the initialization sequence, but should prob- 
ably be done after the clock modes have been se- 
lected in WR11, and before the receiver and 
transmitter are enabled. When initializing the DPLL 
the clock source should be selected first, followed 
by the selection of the operating mode. At this point 
the DPLL, may be enabled by issuing the Enter 
Search Mode command in WR1 4. Note that a chan- 
nel or hardware reset disables the DPLL, selects the 
RTxC pin as the clock source for the DPLL, and 
places it in the NRZI mode. 
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SUPPORT CIRCUITRY PROGRAMMING (cont'd) 
Internal Loopback/Auto Echo 

The SCC contains two other features useful for di- 
agnostic purposes, controlled by bits in WR1 4. They 
are local loopback and auto echo. 

Local loopback is selected when bit D4 of WR1 4 is 
set to "1". In this mode the output of the transmitter 
is internally connected to the input of the receiver. At 
the same time the TxD pin r emain s connected to the 
transmitter. In this mod e the DCD pin is ignored as a 
receive enable and the CTS pin is ignored as a trans- 
mitter enable even if the Auto Enables mode has 
been selected. Note that the DPLL input is connected 
to the RxD pin, not to the input of the receiver. This 
precludes the use of the DPLL in local loopback. 

Figure 41 : Local Loopback. 



Auto echo is selected when bit D3 of WR1 4 is set to 
"1". In this mode the TxD pin is connected directly 
to the RxD pin, and the receiver inpu t is connected 
to the RxD pin. In this mode the CTS pin is ignored 
as a transmitter enable and the output of the trans- 
mitter does not connect to anything. If both the Local 
Loopback and Auto Echo bits are set to "1 ", the a uto 
ech o mod e will be selected, but both the CTS pin 
and DCD pin will be ignored as auto enables. This, 
however, should not be considered a normal oper- 
ating mode, however. Local Loopback is shown 
schematically in figure 41 and auto echo is shown 
schematically in figure 42. 
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Figure 42 : Auto Echo. 
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REGISTERS DESCRIPTION 

The following section describes the SCC registers. 
Each register is detailed in terms of bit configuration, 
the active states (see table 8) of each bit, their de- 
finitions, their functions, and their effects upon the 
internal hardware and external pins. 

Table 8 : SCC Registers Description. 



Read 
Register 



Description 



RRO Xmit/Receive Buffer Status and Ext Status 

RR1 Receive Condition Status/Residue Codes 

RR2 Interrupt Vector (modified in BChannel) 

RR3 Interrupt Pending (Channel Aonly) 

RR8 Receive Buffer 

RR10 Loop/Clock Status 

RR12 Lower Byte of Time Constant 

RR13 Upper Byte of Time Constant 

RR15 External Status Interrupt Enable 



Write 
Register 



Description 



WRO Command Register 

WR1 Tx/Rx Interrupt and Data Xfer Mode 

Definition 
WR2 Interrupt Vector 
WR3 Receive Parameters and Control 
WR4 Tx/Rx Miscellaneous Parameters and 

Modes 
WR5 Transmit Parameter and Controls 
WR6 Sync Character or SDLC Address Field 
WR7 Sync Character or SDLC Flag 
WR8 Transmit Buffer 
WR9 Master Interrupt Control 
WR10 Misc Transmitter/Receiver Control Bits 
WR1 1 Clock Mode Control 
WR12 Lower Byte Baud Rate Generator Time 

Constant 
WR13 Upper Byte of Baud Rate Generator Time 

Constant 
WR14 Miscellaneous Control Bits 
WR15 External Status/Interrupt Control 



WRITE REGISTERS 

The SCC write register set in each channel includes 
ten control registers (among them is the transmit 
buffer), two sync character registers, and two baud 
rate time constant registers. The interrupt control 
register and the master interrupt control and reset 
register are shared by both channels. 

Write Register (command register). WRO is the 
command register and the CRC reset code register. 
Figure 43 shows the bit configuration for the 
MK85C30 and includes register select bits in addi- 
tion to command and reset codes. 
Bits D7 and D6 : CRC Reset Codes and 1 

Null Code (00). This command has no effect on the 
SCC and is used when a write to WRO is necessary 
for some reason other than a CRC Reset command. 



Reset Receive CRC Checker (01). This command 
is used to initialize the receive CRC circuitry. It is 
necessary in synchronous modes (except SDLC) if 
the Enter Hunt Mode command in Write Register 3 
is not issued between received messages. Any ac- 
tion that disables the receiver initializes the CRC cir- 
cuitry. Resetting the Receive CRC Checker 
command is accomplished automatically in SDLC 
mode. 

Reset Transmit CRC Generator (10). This com- 
mand initializes the CRC generator. It is usually is- 
sued in the initialization routine and after the CRC 
has been transmitted. A Channel Reset will not in- 
itialize the generator and this command should not 
be issued until after the transmitter has been en- 
abled in the initialization routine. 

Reset Transmit Underrun/EOM Latch (1 1 ). This 
command controls the transmission of CRC at the 
end of transmission (EOM). If this latch has been 
reset, and a transmit underrun occurs, the SCC 
automatically appends CRC to the message. In 
SDLC mode with Abort on Underrun selected, the 
SCC sends an abort, and Flag on underrun if the 
TX Underrun/EOM latch as been reset. 

At the start of CRC transmission, the Tx Under- 
run/EOM latch is set. The Reset command can be 
issued at any time during a message. If the trans- 
mitter is disabled, this command will not reset the 
latch. However, if no External Status interrupt is 
pending, or if a Reset External Status Int command 
accompanies this command while the transmitter is 
disabled, an External/Status interrupt is generated 
with the Tx Underrun/EOM bit reset in RRO. 

Bits D5-D3 : Command Codes 

Null Code (000). The Null command has no effect 
on the SCC. 

Point High (001). This command effectively adds 
eight to the Register Pointer (B2-B0) by allowing 
WR8 through WR1 5 to be accessed. The Point High 
command and the Register Pointer bits are written 
simultaneously. 

Reset External/Status Interrupts (010). After an 
External/Status interrupt (a change on a modem 
line or a break condition, for example), the status 
bits in RRO are latched. This command re-enables 
the bits and allows interrupts to occur again as a re- 
sult of a status change. Latching the status bits cap- 
tures short pulses until the CPU has time to read 
the change. The SCC contains simple queueing 
logic associated with most of the external status bits 
in RRO. If another External/Status condition 
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REGISTERS DESCRIPTION (cont'd) 

changes while a previous condition is still pending 
(Reset External/Status Interrupts has not yet been 
issued) and this condition persists until after the 
command is issued, this second change causes an- 
other External/Status interrupt. However, if this sec- 
ond status change does not persist (there are two 
transitions), another interrupt is not generated. Ex- 
ceptions to this rule are detailed in the RRO descrip- 
tion. 

Figure 43 : Write Register (MK85C30). 
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REGISTER 
REGISTER 1 
REGISTER 2 
REGISTER 3 
REGISTER 4 
REGISTER 5 
REGISTER 
REGISTER 7 
REGISTER 
REGISTER 9 
REGISTER 10 
REGISTER 11 
REGISTER 12 
REGISTER 13 
REGISTER 14 
REGISTER IS 



NULL CODE 

POINT HIGH 

RESET EXT/STATUS INTERRUPTS 

SEND ABORT (SDLC) 

ENABLE INT ON NEXT Rx CHARACTER 

RESET TxINT PENDING 

ERROR RESET 

RESET HIGHEST IUS 



NULL CODE 

RESET Rx CRC CHECKER 
RESET Tx CRC GENERATOR 
RESET Tx UNDERRUNfEOM LATCH 



•WITH POINT HIGH COMMAND 



Send Abort (011). This command is used in SDLC 
mode to transmit a sequence of eight to thirteen 
"1s". This command always empties the transmit 
buffer and sets Tx Underrun/EOM bit in Read Reg- 
ister 0. 

Enable Interrupt on Next Rx Character (100). If 

the interrupt on the First Received Character mode 
is selected, this command is used to reactivate that 
mode after each message is received. The next 
character to enter the receive FIFO causes a Re- 
ceive interrupt. Alternatively, the first previously 
stored character in the FIFO will cause a Receive 
interrupt. 

Reset Tx Interrupt Pending (101). This command 
is used in cases where there are no more characters 
to be sent ; e.g., at the end of a message. This com- 
mand prevents further transmit interrupts until after 
the next character has been loaded into the transmit 
buffer or until CRC has been completely sent. This 
command is necessary to prevent the transmitter 
from requesting an interrupt when the transmit buff- 
er becomes empty (with Transmit Interrupt Enabled). 
Error Reset (110). This command resets the error 
bits in RR1 . If Interrupt on First Rx Character or In- 
terrupt on Special Condition modes are selected and 
a special condition exists, the data with the special 
condition is held in the receive FIFO until this com- 
mand is issued. If either of these modes is selected 
and this command is issued before the data has been 
read from the receive FIFO, the data is lost. 
Reset Highest IUS (111). This command resets the 
highest priority Interrupt Under Service (IUS) bit, 
allowing lower priority conditions to request inter- 
rupts. This command allows the use of the internal 
daisy chain (even in systems without an external 
daisy chain) and should be the last operation in an 
interrupt service routine. 
Bits 2 through : Register Selection Code 
These three bits select Registers through 7. With 
the Point High command, Registers 8 through 1 5 are 
selected. 

The following is a summary of the bit descriptions for 
each write register (WR1-WR15). 
Write Register 1 (transmit/receive interrupt and 
data transfer mode definition). Write Register 1 is 
the control register for the various SCC interrupt and 
Wait/Request modes. Figure 44 shows the bit as- 
signments for WR1 . 
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REGISTERS DESCRIPTION (cont'd) 

Bit 7 : WAIT/DMA Request Enable 

This bit enables the Wait/Request function in con- 
junction with the Request/Wait Function Select bit 
(B6) . If bit 7 is set to"1", the state of bit 6 determines 
the activity of the WAIT/REQUEST pin (Wait or Re- 
quest). If bit 7 is set to "0", the s elected function (bit 
6) forces the WAIT/REQUEST pin in to the appro- 
priate inactive state (High for Request, floating for 
Wait). 

Bit 6 : WAIT/DMA Request Function 

The request function is select ed by setting this b it to 
"1". In the Request mode, the WAIT/REQUEST pin 
switches from High to Low when the SCC is ready 
to transfer data. When this bit is "0", the wait func- 
tion is s elected. In the Wait mode, the WAIT/RE- 
QUEST pin switches from floating to Low when the 
CPU attempts to transfer data before the SCC is 
ready. 

Bit 5 : WAIT/DMA Request On Receive Transmit 



This bit determines whether the WAIT/REQUEST 
pin operates in the Transmit mode or the Receive 
mode. When set to "1", this bit allows the wait/re- 
quest function to follow the state of the receive buff- 
er ; i.e., depend ing on the state of bit 6, the 
WAIT/REQUEST pin is active or inactive in relation 
to the empty or full state of the receive buffer. Con- 
versely, if this b it is set to "0", the state of the 
WAIT/REQUEST pin is determined by bit 6 and the 
state of the transmit buffer. (Note t hat a transmit re- 
quest function is available on the DTR/REQUEST 

Figure 44 : Write Register 1. 



pin. This allows full-duplex operation under DMA 
control for both channels). 

The request function may occur only when the SCC 
is not selected ; e.g., if the internal request becomes 
active while the SCC is in the middle of a read or 
write cycle, the external request will not become ac- 
tive until the cycle is complete. An active request 
output causes a DMA controller to initiate a read or 
write operation. If the request on Transmit mode is 
selected in either SDLC or Synchronous Mode, the 
Request pin is pulsed Low for one PCLK cycle at 
the end of CRC transmission to allow the immedi- 
ate transmission of another block of data. 



If the Wait On Receive mode, the WAIT pin is active 
if the CPU attempts to read SCC data that has not 
yet been received. In the Wait On Transmit mode, 
the WAIT pin is active if the CPU attempts to write 
data when the transmit buffer is still full. Both situ- 
ations can occur frequently when block transfer in- 
structions are used. 

Bits 4 and 3 : Receive Interrupt Modes 

These two bits specify the various character-avail- 
able conditions that may cause interrupt requests. 

Receive Interrupts Disabled (00). This mode pre- 
vents the receiver from requesting an interrupt and 
is normally used in a polled environment where 
either the status bits on RR0 or the modified vector 
in RR2 (Channel B) can be monitored to initiate a 
service routine. Although the receiver interrupts are 
disabled, a special condition can still provide a 
unique vector status in RR2. 
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REGISTERS DESCRIPTION (cont'd) 

Receive Interrupt On First Character Or Special 
Condition (01). The receiver requests an interrupt 
in this mode on the first available character (or 
stored FIFO character) or on a special condition. 
Sync characters to be stripped from the message 
stream do not cause interrupts. 
Special receive conditions are : receiver overrun, 
framing error, end of frame, or parity error (if se- 
lected). If a special receive condition occurs, the data 
containing the error is stored in the receive FIFO until 
an Error Reset command is issued by the CPU. 

This mode is usually selected when a Block Trans- 
fer mode is used. In this interrupt mode, a pending 
special receive condition remains set until either an 
Error Reset command, a channel or hardware reset, 
or until receive interrupts are disabled. 

The Receive Interrupt on First Character or Special 
Condition mode can be re-enabled by the Enable 
Rx Interrupt on Next Character command in WRO. 

Interrupt On All Receive Characters Or Special 
Condition (10). This mode allows an interrupt for 
every character received (or character in the receive 
FIFO) and provides a unique vector when a special 
condition exists. The receiver Overrun bit and the 
Parity Error bit in RR1 are two special conditions that 
are latched. These two bits must be reset by the 
Error Reset command. Receiver overrun is always 
a special receive condition, and parity can be pro- 
grammed to be a special condition. 

Data characters with special receive conditions are 
not held in the receive FIFO in the Interrupt On All 
Receive Characters or Special Conditions Mode as 
they are in the other receive interrupt modes. 

Figure 45 : Write Register 2. 
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Receive Interrupt On Special Condition (11). This 
mode allows the receiver to interrupt only on char- 
acters with a special receive condition. When an in- 
terrupt occurs, the data containing the error is held 
in the receive FIFO until an Error Reset command 
is issued. When using this mode in conjunction with 
a DMA, the DMA can be initialized and enabled be- 
fore any characters have been received by the SCC. 
This eliminates the time critical section of code re- 
quired in the Receive Interrupt on First Character or 
Special condition mode ; i.e., all data can be trans- 
ferred via the DMA so that the CPU need not handle 
the first received character as a special case. 

Bit 2 : Parity Is Special Condition 

If this bit is set to "1", any received characters with 
parity not matching the sense programmed in WR4 
give rise to a Special Receive Condition. If parity is 
disabled (WR4), this bit is ignored. A special condi- 
tion modifies the status of the interrupt vector stored 
in WR2. During an interrupt acknowledge cycle, this 
vector can be placed on the data bus. 

Bit 1 ; Transmitter Interrupt Enable 

If this bit is set to "1 ", the transmitter requests an in- 
terrupt whenever the transmit buffer becomes 
empty. 

Bit : External/Status Master Interrupt Enable 

This bit is the mas ter enable f o r Exter nal/Status in- 
terrupts including DCD, CTS, SYNC pins, break, 
abort, the beginning of CRC transmission when the 
Transmit/Underrun/EOM latch is set, or when the 
counter in the baud rate generator reaches "0". Write 
Register 15 contains the individual enable bits for 
each of these sources of External/Status interrupts. 
This bit is reset by a channel or hardware reset. 

Figure 46 : Write Register 3. 



|P y |D.|P > |B4JP3;D a lDi|0n 



JO 

1 

7~~o 

1 1 



li 



u 



ENABLE 

SYNC CHARACTER LOAD INHIBIT 
AODRESS SEARCH MODE(SOLC) 
Rx CRC ENABLE 
ENTER HUNT MODE 
AUTO ENABLES 



Rx 5 SITS/CHARACTER 
Rx 7 BITS/CHARACTER 
Rx 6 BITS/CHARACTER 
Rx 8 HITS/CHARACTER 



/=7 SGS-THOMSON 



57/93 



443 



MK85C30 



REGISTERS DESCRIPTION (cont'd) 

Write Register 2 (interrupt vector). WR2 is the in- 
terrupt vector register. Only one vector register 
exists in the SCC, but it can be accessed through 
either channel. The interrupt vector can be modified 
by status information. This is controlled by the Vec- 
tor Includes Status (VIS) and the Status High/Status 
Low bits in WR9. The bit positions for WR2 are 
shown in figure 45. 

Write Register 3 (receive parameters and control). 
This register contains the control bits and parame- 
ters for the receiver logic as illustrated in figure 46. 

Bits 7 AND 6 : Receiver Bits/character 

The state of these two bits determines the number 
of bits to be assembled as a character in the re- 
ceived serial data stream. The number of bits per 
character can be changed while a character is being 
assembled but only before the number of bits cur- 
rently programmed is reached. Unused bits in the 
Received Data Register (RR8) are set to "1 " in asyn- 
chronous modes and SDLC modes, the SCC mere- 
ly transfers an 8-bit section of the serial data stream 
to the receive FIFO at the appropriate time. Table 9 
lists the number of bits per character in the assem- 
bled character format. 

Table 9 : Receive Bits/Character. 



B 7 


B 6 






1 
1 




1 

1 


5 Bits / Character 

7 Bits / Character 

6 Bits / Character 

8 Bits / Character 



Bit 5 : Auto Enables 

This bit pr ogram s the function for both the DCD and 
CTS pins. CTS becomes the transmitter enable and 
DCD becomes the receiver enable when this bit is 
set to "1 ". However, the Receiver Ena ble an d T rans- 
mit Enable bits must be set before the DCD and CTS 
pins can be used in this ma nner. Whe n the Auto En- 
ables bit is set to "0", the DCD and CTS pins are 
merely inputs to the corresp ondin g status bits in 
Read Register 0. The state of DCD i s igno red in the 
Local Loopback mode. The state of CTS is ignored 
in both Auto Echo and Local Loopback modes. 

Bit 4 : Enter Hunt Mode 

This command forces the comparison of sync char- 
acters or flags to assembled receive characters for 
the purpose of synchronization. After reset, the SCC 
automatically enters the Hunt mode (except asyn- 
chronous). Whenever a flag or sync character is 



matched, the Sync/Hunt bit in Read Register is 
reset and, if External/Status Interrupt Enable is set, 
an interrupt sequence is initiated. The SCC auto- 
matically enters the Hunt mode when an abort con- 
dition is received or when the receiver is disabled. 

Bit 3 : Receiver CRC Enable 

This bit is used to initiate CRC calculation at the be- 
ginning of the last byte transferred from the Re- 
ceiver Shift register to the receive FIFO. This 
operation occurs independently of the number of 
bytes in the receive FIFO. When a particular byte is 
to be excluded from CRC calculation, this bit should 
be reset before the next byte is transferred to the 
receive FIFO. If this feature is used, care must be 
taken to ensure that eight bits per character is se- 
lected in the receiver because of an inherent delay 
from the Receive Shift register to the CRC checker. 

This bit is internally set to "1 " in SDLC mode and the 
SCC calculates CRC on all bits except inserted 
zeros between the opening and closing character 
flags. This bit is ignored in asynchronous mode. 

Bits 2 : Address Search Mode (SDLC) 

Setting this bit in SDLC mode causes messages 
with addresses not matching the address pro- 
grammed in WR6 to be rejected. No receiver inter- 
rupts can occur in this mode unless there is an 
address match. The address that the SCC attempts 
to match can be unique (1 in 256) or multiple (16 in 
256), depending on the state of Sync Character 
Load Inhibit bit. The Address Search mode bit is ig- 
nored in all modes except SDLC. 

Bit 1 : Sync Character Load inhibit 

If this bit is set to "1" in any synchronous mode ex- 
cept SDLC, the SCC compares the byte in WR6 with 
the byte about to be stored in the FIFO, and it inhi- 
bits this load if the bytes are equal. The SCC does 
not calculate the CRC on bytes stripped from the 
Data stream in the manner. If the 6-bit sync option 
is selected while in Monosync mode, the compare 
is still across eight bits, so WR6 must be pro- 
grammed for proper operation. 

If the 6-bit sync option is selected with this bit set to 
"1", all sync characters except the one immediate- 
ly preceding the data are stripped from the mess- 
age. If the 6-bit sync option is selected while in the 
Bisync mode, this bit is ignored. 

The address recognition logic of the receiver is 
modified in SDLC mode if this bit is set to "1", i.e., 
only the four most significant bits of WR6 must 
match the receiver address. This procedure allows 



58/93 



444 



/T7 SGS-THOMSON 



MK85C30 



REGISTERS DESCRIPTION (cont'd) 

the SCC to receive frames from up to 1 6 separate 
sources without programming WR6 for each source 
(if each station address has the four most significant 
bits in common). The address field in the frame is 
still eight bits long. 

This bit is ignored in SDLC mode if Address Search 
mode has not been selected. 

Bit ; Receiver Enable 

When this bit is set to "1 ", receiver operation begins. 
This bit should be set only after all other receiver 
parameters are established and the receiver is com- 
pletely initialized. This bit is reset by a channel or 
hardware reset command, and it disables the re- 
ceiver. 

Write Register 4 (transmit/receiver miscella- 
neous parameters and modes). WR4 contains the 
control bits for both the receiver and the transmitter. 
These bits should be set in the transmit and receiver 
initialization routine before issuing the contents of 
WR1 , WR3, WR6, and WR7. Bit positions for WR4 
are shown in figure 47. 

Bits 7 and 6 : Clock Rate 1 and 

These bits specify the multiplier between the clock 
and data rates. In synchronous modes, the 1 S mode 
is forced internally and these bits are ignored unless 
External Sync mode has been selected. 

1X Mode (00). The clock rate and data rate are the 
same. In External Sync mode , this bit combination 
specifies that only the SYNC pin can be used to 
achieve character synchronization. 

16X Mode (01). The clock rate is 16 times the data 
rate. In External Sync mode, this bit combination 
specifies that only the SYNC pin can be used to 
achieve character synchronization. 

32X Mode (10). The clock rate is 32 times the data 
rate. In External Sync mode, this bit combination 
specifies that either the SYNC pin or a match with 
the character stored in WR7 will signal character 
synchronization. The sync character can be either 
six or eight bits long as specified by the 6-bit/8-bit 
Sync bit in WR10. 

64X Mode (11). The clock rate is 64 times the data 
rate. With this bit combination in External Sync 
mode, both the receiver and transmitter are placed 
in SDLC mode. The only variat ion from normal 
SDLC operation is that the SYNC pin can be used 
to start or stop the reception of a frame by forcing 



the receiver to act as though a flag had been re- 
ceived. 

Bits 5 and 4 : SYNC Modes 1 and 

These two bits select the various options for char- 
acter synchronization. They are ignored unless syn- 
chronous modes are selected in the stop bits field 
of this register. 

Monosync (00). In this mode, the receiver achieves 
character synchronization by matching the charac- 
ter stored in WR7 with an identical character in the 
received data stream. The transmitter uses the 
character stored in WR6 as a time fill. The sync char- 
acter can be either six or eight bits, depending on 
the state of the 6-bit/8-bit Sync bit in WR1 0. If the 
Sync Character Load Inhibit bit is set, the receiver 
strips the contents of WR6 from the data stream if 
received within character boundaries. 

Bisync (01). The concatenation of WR7 with WR6 
is used for receiver synchronization and as a time 
fill by the transmitter. The sync character can be 12 
or 16 bits in the receiver, depending on the state of 
the 6-bit/8-bit Sync bit in WR10. The transmitted 
character is always 1 6 bits. 

Figure 47 : Write Register 4. 
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REGISTERS DESCRIPTION (cont'd) 

SDLC Mode (10). In this mode, SDLC is selected 
and requires a Flag (01111110) to be written to 
WR7. The receiver address field should be written 
to WR6. The SDLC CRC polynomial must also be 
selected (WR5) in SDLC mode. 

External Sync Mode (11). In this mode, the SCC 
expects exter nal logi c to signal character synchroni- 
zation via the SYNC pin. If the crystal oscillat or op- 
tion is selected (in WR1 1 ), the internal SYNC signal 
is forced to "0". In this mode, bits B7-B6 of this reg- 
ister select special version of External Sync mode. 
In this mode, the transmitter is in Monosync mode 
using the contents of WR6 as the time fill with the 
sync character length specified by the 6-bit/8-bit 
SyncbitinWRIO. 

Bits 3 and 2 : Stop Bits 1 and 

These bits determine the number of stop bits added 
to each asynchronous character that is transmitted. 
The receiver always checks for one stop bit in Asyn- 
chronous mode. A Special mode specifies that a 
Synchronous mode is to be selected. B2 is always 
set to "1 " by a channel or hardware reset to ensure 
that the SYNC pin is in a known state after a reset. 

Synchronous Modes Enable (00). This bit combi- 
nation selects one of the synchronous modes spe- 
cified by bits B4, B5, B6, and B7 of this register and 
forces the 1 X Clock mode internally. 
1 Stop Bit/Character (01). This bit selects Asyn- 
chronous mode with one stop bit per character. 
1 1/2 Stop Bits/Character (10). These bits select 
Asynchronous mode with 1-1/2 stop bits per charac- 
ter. This mode can not be used with the 1 X clock mode. 

Figure 48 : Write Register 5. 
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2 Stop Bits/Character (1 1 ). These bits select Asyn- 
chronous mode with two stop bits per transmitted 
character and check for one received stop bit. 

Bit 1 : Parity Even/Odd 

This bit determines whether parity is checked as 
even or odd. A "1 " programmed here selects even 
parity, and a "0" selects odd parity. This bit is ignored 
if the Parity Enable bit is not set. 

Bit ; Parity Enable 

When this bit is set, an additional bit position beyond 
those specified in the bits/character control is added 
to the transmitted data and is expected in the re- 
ceive data. The Received Parity bit is transferred to 
the CPU as part of the data unless eight bits per 
character is selected in the receiver. 

Write Register 5 (transmit parameter and con- 
trols). WR5 contains control bits that affect the oper- 
ation of the transmitter. B2 affects both the 
transmitter and the receiver. Bit positions for WR5 
are shown in figure 48. 

Bit 7 : Data Terminal Ready 



This is the control bit for the DTR/REQ pin while the 
pin i s in t he DTR mode (sele cted in WR14). When 
set, DTR is Low ; when res et, DTR is High. This bit 
is ignored wh en DTR/REQ is programmed to act as 
a REQUEST pin. This bit is reset by a channel or 
hardware reset. 

Bits 6 and 5 : TXB its/Character 1 and 

These bits control the number of bits in each byte 
transferred to the transmit buffer. Bits sent must be 
right justified with lease significant bits first. 

The Five Or Less mode allows transmission of one 
to five bits per character ; however, the CPU should 
form at the data character as shown below in table 
10. In the Six or Seven Bits/Character modes, un- 
used data bits are ignored. 

Table 10 : Tx Bits/Character 1 and 0. 



Tx BITS / 
CHAR 1 


Tx BITS / 
CHAR0 







1 
1 



1 


1 


5 or less bits / character 

7 bits / character 

6 bits / character 

8 bits / character 


D 7 


D 6 


D 5 


D 4 


D 3 


D 2 


Di 


Do 




1 
1 
1 
1 



1 
1 
1 




1 
1 





1 


































Sends one data bit 
Sends two data bits 
Sends three data bits 
Sends four data bits 
Sends five data bits 
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REGISTERS DESCRIPTION (cont'd) 
Bit 4 : Send Break 

When set, this bit forces the TxD output to send con- 
tinuous "Os" beginning with the following transmit 
clock, regardless of any data being transmitted at 
the time. This bit functions whether or not the trans- 
mitter is enabled. When reset, TxD continues to 
send the contents of the Transmit Shift register, 
which might be syncs, data or all "1s". If this bit is 
set while in the X21 mode (Monosync and Loop 
mode selected) and character synchronization is 
achieved in the receiver, this bit is automatically 
reset and the transmitter begins sending syncs or 
data. This bit can also be reset by a channel or hard- 
ware reset. 

Bit 3 : Transmit Enabie 

Data is not transmitted until this bit is set, and the 
TxD output sends continuous "1 s" unless Auto Echo 
mode or SDLC Loop mode is selected. If this bit is 
reset after transmission started, the transmission of 
data or sync characters is completed. If the trans- 
mitter is disabled during the transmission of a CRC 
character, sync or flag characters are sent instead 
of CRC. This bit is reset by a channel or hardware 
reset. 

Bit2:SDLC/CRC-16 

This bit selects the CRC polynomial used by both 
the transmitter and receiver. When set, the CRC-1 6 
polynomial is used ; when reset, the SDLC polyno- 
mial is used. The SDLC/CRC polynomial must be 
selected when SDLC mode is selected. The CRC 
generator and checker can be preset to all "Os" or 
all "1s", depending on the state of the Preset 
1/Preset0bitinWR10. 

Bit 1 : Request to Send 

This is the control bit for the RTS pin. When the RTS 
bit is set, the RST pin goes Low ; when reset, RTS 

Figure 49 : Write Register 6. 



goes High. In the Asynchronous mode with the Auto 
Enables bit set, RST goes High only after all bits of 
the character have been sent and the transmit buff- 
er is empty. In synchronous modes of the Asyn- 
chronous mode with auto enables off, the pin 
directly follows the state of this bit. This bit is reset 
by a channel or hardware reset. 

Bit : Transmit CRC Enable 

This bit determines whether or not CRC is calculated 
on a transmit character. If this bit is set at the time 
the character is loaded from the transmit buffer to 
the Transmit Shift register, CRC is calculated on that 
character. CRC is not automatically sent unless this 
bit is set when the transmit underrun exists. 

Write Register 6 (sync characters or SDLC address 
field). WR6 is programmed to contain the transmit 
sync character in the Monosync mode, the first byte 
of a 1 6-bit sync character in the External Sync mode. 
WR6 is not used in asynchronous modes. In the 
SDLC modes, it is programmed to contain the sec- 
ondary address field used to compare against the 
address field of the SDLC Frame. In SDLC mode, 
the SCC does not automatically transmit the station 
address at the beginning of the response frame. Bit 
positions for WR6 are shown in figure 49. 

Write Register 7 (sync character or SDLC flag). 

WR7 is programmed to contain the receive sync 
character in the Monosync mode, a second byte (the 
last eight bits) of a 16-bit sync character in the Bi- 
sync mode, or a Flag character (01 1 1 1 1 10) in the 
SDLC modes. WR7 may hold the receive sync char- 
acter or a flag if one of the special versions of the 
External Sync mode is selected. WR7 is not used in 
Asynchronous mode. Bit positions for WR7 are 
shown in figure 50. 



|D T |D g |D 5 [D 4 |D 3 lD 2 lD t |Pn 



r n 



SYNC7 SYNCs 

SYNC 5 SYHC 4 

SYNC« SYNCm 

SYNCn SYNCm 

1 



SYNCs 
SYNC3 
SYNCis 
SYNC9 

1 



SYNC 4 
SYNC 2 
SYNC12 
SYNCs 

1 



SYNCs 
SYNCi 
SYNCn 
SYNC7 

1 



SYNC 2 
SYNCo 
SYNC10 
SYNCs 
1 



SYNCi 



SYNCs 
SYNC5 



SYNC MONOSYNC. 8 BITS 

x MONOSYNC, 6 BITS 

SYNCs BISYNC. 16 BITS 

SYNCs BISYNC. 12 BITS 

SDLC 
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REGISTERS DESCRIPTION (cont'd) 
Figure 50 : Write Register 7. 



|Pt1p«|Ps1p«|P3|p»|P»|P61 



J 



L 



r n 



SYNC/ SYNCe 

SYNCi SYNCg 

SYNC7 SYNC« 

SYNC 3 SYNC 2 

AOR7 ADRf 

AOR 7 ADRf 



SYNC5 

SYNC5 

SYNCs 

SYNC, 

AOR5 

ADRs 



SYNC4 

SYNC4 

SYNC4 

SYNCo 

AOR4 

AOR4 



SYNC3 
SYNC3 
SYNC3 

1 
ADR a 



SYNC 2 
SYNC 2 
SYNC2 

1 
ADR 2 



SYNCi SYNCo MONOSYNC, 8 BITS 

SYNCi SYNCo MONOSYNC. 6 BITS 

SYNCi SYNCo BISYNC. 16 BITS 

1 1 BISYNC. 12 BITS 

ADR, AORo SOLC 

x x SOLC (ADDRESS RANGE) 



Figure 51 : Write Register 9 . 



|p ? |p,|p 5 |p«|d 3 |d 2 |p,|p | 





1 

7" 1 



Lb: 



PLC 

MIE 

STATUS HIGH/STATUS LOW 





NO RESET 
CHANNEL RESET B 
CHANNEL RESET A 
FORCE HARDWARE RESET 



Write Register 8 (transmit buffer). WR8 is the trans- 
mit buffer register. 

Write RegisteR 9 (master interrupt control). WR9 
is the Master Interrupt Control register and contains 
the Reset command bits. Only one WR9 exists in 
the SCC and can be accessed from either channel. 
The interrupt control bits can be programmed at the 
same time as the Reset command because these 
bits are only reset by a hardware reset. Bit positions 
for WR9 are shown in figure 51 . 

Bits 7 and 6 : Reset Command Bits 

Together, these bits select one of the reset com- 



mands for the SCC. Setting either of these bits to 
"1 " disables both the receiver and the transmitter in 
the corresponding channel, forces TxD for that 
channel marking, forces the modem control signals 
High in that channel, resets all IPs and lUSs and dis- 
ables all interrupts in that channel. Four extra PCLK 
cycles must be allowed beyond the usual cycle time 
after any of the active reset commands is issued be- 
fore any additional commands or controls are writ- 
ten to the channel affected. Four extra PCLK cycles 
must be allowed beyond the usual cycle time before 
any additional command or controls are written to 
the SCC. 
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REGISTERS DESCRIPTION (cont'd) 

No Reset (00). This command has no effect. It is 
used when a write to WR9 is necessary for some 
reason other than an SCC Reset command. 

Channel Reset B (01). Issuing this command 
causes a channel reset to be performed on Chan- 
nel B. 

Channel Reset A (10). Issuing this command 
causes a channel reset to be performed on Chan- 
nel A. 

Force Hardware Reset (11). The effects of this 
command are identical to those of a hardware reset, 
except that the Shift Right/Shift Left bit is not 
changed and the MIE, Status High/Status Low and 
DLC bits take the programmed values that accom- 
pany this command. 

Bit 5: Not Used 

Must be "0". 

Bit 4 : Status High/Status Low 

This bit controls which vector bits the SCC will mod- 
ify to indicate status. When set to "1", the SCC 
modifies bits V6, V5, and V4 according to table 1 1 . 
When set to "0", the SCC modifies bits V1 , V2, and 
V3 according to table 1 1 . This bit controls status in 
both the vector returned during an interrupt acknow- 
ledge cycle and the status in RR2B. This bit is reset 
a hardware reset. 

Table 11 : Interrupt Vector Modification. 



V3 
V4 








V2 
V5 





1 


V1 
V6 


1 



Status High / Status Low = 
Status High / Status Low = 1 
Ch B Transmit Buffer Empty 
Ch B External / Status Change 
Ch B Receive Character Avail. 



1 
1 
1 


1 



1 


1 



1 




Ch B Special Receive Condition 
Ch A Transmit Buffer Empty 
Ch A External / Status Change 
Ch A Receive Character Avail. 


1 


1 


1 


Ch A Special Receive Condition 



Bit 3 : Master Interrupt Enable 

This bit is set to 1 to globally enable interrupts, and 
cleared to zero to disable interrupts. Clearing this bit 
to zero forces the IEO pin to follow the state of the 
IEI pin unless there is an IUS bit set in the SCC. 

No IUS bit can be set after the MIE bit is cleared to 
zero. This bit is reset by a hardware reset. 

Bit 2 : Disable Lower Chain 

The Disable Lower Chain bit can be used by the 
CPU to control the interrupt daisy chain. Setting this 
bit to "1" forces the IEO pin Low, preventing lower- 



priority devices on the daisy chain from requesting 
interrupts. This bit is reset by a hardware reset. 

Bit 1 : No Vector 

The No Vector bit controls whether or not the SCC 
will respond to an interrupt acknowledge cycle by 
placing a vector on the data bus if the SCC is the 
highest-priority device requesting an interrupt. If this 
bit is set, no vector is returned ; i.e., AD0-AD7 re- 
main three-stated during an interrupt acknowledge 
cycle, even if the SCC is the highest-priority device 
requesting an interrupt. 

Bit : Vector Includes Status 

The Vector Includes Status Bit controls whether or 
not then SCC will include status information in the 
vector it places on the bus in response to an inter- 
rupt acknowledge cycle. If this bit is set, the vector 
returned is variable, with the variable field depend- 
ing on the highest-priority IP that is set. Table 11 
shows the encoding of the status information. This 
bit is ignored if the No Vector (NV) bit is set. 

Figure 52 : Write Register 10. 



|D 7 |p B |p 5 |D 4 jD : ,|D 3 !p 1 jp,n 

L. 



o_ o 

1 

1 

T~7 



L^ 



bi77s bit sync 

loop mode 
- abort/flag on unoerrun 
• mark/Flag idle 

go active on poll 



NRZ 

NRZI 

FM1 (TRANSITION = 1) 

FMO (TRANSITION * 0) 



CRC PRESET I/O 



Write Register 10 (miscellaneous transmitter/re- 
ceiver control bits). WR10 contains miscellaneous 
control bits for both the receiver and the transmitter. 
Bit positions for WR10 are shown in figure 52. 

Bit 7: CRC Preset I/O 

This bit specifies the initialized condition of the re- 
ceive CRC checker and the transmit CRC gener- 
ator. If this bit is set to "1", the CRC generator and 
checker are preset to "1 ". If this bit is set to "0", the 
CRC generator and checker are preset to "0". Either 
option can be selected with either CRC polynomial. 
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REGISTERS DESCRIPTION (cont'd) 

In SDLC mode, the transmitted CRC is inverted be- 
fore transmission and the received CRC is checked 
against the bit pattern "0001 1 10100001 111". This 
bit is reset by a channel or hardware reset. This bit 
is ignored in Asynchronous mode. 

Bit 6 AND 5 : Data Encoding 1 and 2 

These bits control the coding method used for both 
the transmitter and the receiver, as illustrated in 
table 1 2. All of the clocking options are available for 
all coding methods. The DPLL in the SCC is useful 
for recovering clocking information in NRZI and FM 
modes. A hardware reset forces NRZ mode. Timing 
for the various modes in shown in figure 53. 

Table 12 : Data Encoding. 



Data 


Data Encoding 


Encoding 




1 
1 




1 


1 


NRZ 
NRZI 

FM1 (transition = 1) 
FMO (transition = 1) 



Bit 4 : Go Active On Poll 

When Loop mode is first selected during SDLC 
operation., the SCC connects RxD to TxD with only 
gate delays in the path. The SCC does not go on- 
loop and insert the 1 -bit delay between RxD and 
TxD until this bit has been set and an EOP received. 
When the SCC is on-loop, the transmitter cannot go 
active unless this bit is set at the time an EOP is re- 
ceived. The SCC examines this bit whenever the 
transmitter is active in SDLC Loop mode and is 
sending a flag. If this bit is set at the time the flag is 
leaving the Transmit Shift register, another flag or 
data byte (if the transmit buffer is full) is transmitted. 
If the Go Active on Poll bit is not set at this time, the 
transmitter finishes sending the flag and reverts to 
the 1 -Bit Delay mode. Thus, to transmit only one re- 
sponse frame, this bit should be reset after the first 
data byte is sent to the SCC but before CRC has 
been transmitted. If the bit is not reset before CRC 
is transmitted, extra flags are sent, slowing down re- 
sponse time on the loop. If this bit is reset before the 
first data is written, the SCC completes the trans- 
mission of the present flag and reverts to the 1 -Bit 
Delay mode. After gaining control of the loop, the 
SCC is not able to transmit again until a flag and an- 
other EOP have been received. Though not strictly 
necessary, it is good practice to set this bit only upon 
receipt of a poll frame to ensure that the SCC does 
not go on loop without the CPU noticing it. 

In synchronous modes other than SDLC with the 
Loop Mode bit set, this bit must be set before the 



transmitter can go active in response to a received 
sync character. 

This bit is always ignored in Asynchronous mode 
and Synchronous modes unless the Loop Mode bit 
is set. This bit is reset by a channel or hardware 
reset. 

Bit 3 : Mark/Flag idle 

This bit affects only SDLC operation and is used to 
control the idle line condition. If this bit is set to "0", 
the transmitter sends flags an idle line. If this bit is 
set to "1 ", the transmitter sends continuous "1s" after 
the closing flag of a frame. The idle line condition is 
selected byte by byte ; i.e., either a flag or eight "1 s" 
are transmitted. The primary station in an SDLC 
loop should be programmed for Mark Idle to create 
the EOP sequence. Mark Idle must be deselected 
at the beginning of a frame before the first data is 
written to the SCC, so that an opening flag can be 
transmitted. This bit is ignored in Loop mode, but 
the programmed value takes effect upon exiting the 
Loop mode. This bit is reset by a channel or hard- 
ware reset. 

Bit 2 : Abort/FLag On Underrun 

This bit affects only SDLC operation and is used to 
control how the SCC responds to a transmit under- 
run condition. If this bit is set to "1" and a transmit 
underrun occurs, the SCC sends an abort and a flag 
instead of CRC. If this bit is reset, the SCC sends 
CRC on a transmit underrun. At the beginning of this 
1 6-bit transmission, the Transmit Underrun/EOM bit 
is set, causing an External/Status interrupt. The 
CPU uses this status, along with the byte count from 
memory or the DMA, to determine whether the 
frame must be retransmitted. A transmit buffer 
Empty interrupt occurs at the end of this 1 6-bit trans- 
mission to start the next frame. If both this bit and 
the Mark/Flag Idle bit are set to "1 ", all "1s" are trans- 
mitted after the transmit underrun. This bit should 
be set after the first byte of data is sent to the SCC 
and reset immediately after the last byte of data so 
that the frame will be terminated properly with CRC 
and a flag. This bit is ignored in Loop mode, but the 
programmed value is active upon exiting Loop 
mode. This bit is reset by a channel or hardware 
reset. 

Bit 1 : Loop Mode 

In SDLC mode, the initial set condition of this bit 
forces the SCC to connect TxD to TxD and to begin 
searching the incoming data stream so that it can 
go on loop. All bits pertinent to SDLC mode oper- 
ation in other registers must be set before this mode 
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REGISTERS DESCRIPTION (cont'd) 

Figure 53 : NRZ(NRZI)FM1(FM0) Timing. 
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REGISTERS DESCRIPTION (cont'd) 

is selected. The transmitter and receiver should not 
be enabled until after this mode has been selected. 
As soon as the Go Active Onn Poll bit is set and an 
EOP is received the SCC goes on loop. If this bit is 
reset after the SCC is on loop, the SCC waits for the 
next EOP to go off loop. 

In synchronous modes, the SCC uses this bit, along 
with the Go Active On Poll bit, to synchronize the 
transmitter to the receiver. The receiver should not 
be enabled until after this mode is selected. TheTxD 
pin is held marking when this mode is selected un- 
less a break condition is programmed. The receiver 
waits for a sync character to be received and then 
enables the transmitter on a character boundary. 
The break condition, if programmed, is removed. 
This mode works properly with sync characters of 
6, 8, or 1 6 bits. This bit is ignored in Asynchronous 
mode and is reset by a channel or hardware reset. 

BitO: 6 Bit/8 Bit Sync 

This bit is used to select a special case of synchron- 
ous modes. If this bit is set to "1 " in Monosync mode, 
the receiver and transmitter sync characters are six 
bits long instead of the usual eight. If this bit is set 
to "1" in Bisync mode, the received sync will be 12 
bits and the transmitter sync character will remain 
16 bits long. This bit is ignored in SDLC and Asyn- 
chronous modes but still has effect in the special ex- 
ternal sync modes. This bit is reset by a channel or 
hardware reset. 

Write Register 1 1 (clock mode control). WR1 1 is 

the Clock Mode Control register. The bits in this reg- 
ister control the sources of the both the r eceive and 
transm it clocks, the type of signal on the SYNC and 
RTxC pins, and the direction of the TRxC pin. Bit po- 
sitions for WR1 1 are shown in figure 54. 



Bit 7 : RTxC-XTAL/NO XTAL 

This bit controls the type o f input signal the SCC ex- 
pects to see on the RTxC pin. If this bit is set to "0", 
the SCC expects a TTL-compatible signal as an 
input to this pin. If this bit is set to "1 ", the SCC con- 
nects a high-gain amplifier between the RTxC and 
SYNC pins in expectation of a quartz crystal being 
placed across the pins. 

The output of this oscillator is available for use as a 
clockin g source. In this mode of operati on, the 
SYNC pin is unavailable for other use. The SYNC- 
signal is forced to "0" internally. A hardware reset 
forces NO XTAL. (At least 20 ms should be allowed 
after this bit is set to allow the oscillator to stabilize). 



Bits 6 AND 5 : Receiver dock 1 and 

These bits determine the source of the receive clock 
as shown in table 1 3. They do not interfere with any 
of the modes of operation in the SCC but simply con- 
trol a multiplexer just before the internal receive 
clock input. A hardwa re res et forces the receive 
clock to come from the TRxC pin. 

Table 13 : Receive Clock Source. 



Receive 
Clock 1 


Receive 
Clock 







1 
1 




1 


1 


Receive Clock = RTxC Pin 
Receive Clock = TRxC Pin 
Receive Clock = BR Output 
Receive Clock = DPLL Output 



Bits 4 and 3 : Transmit dock 1 and 

These bits determine the source of the transmit 
clock as shown in table 14. They do not interfere 
with any of the modes of operation of the SCC but 
simply control a multiplexer just before the internal 
transmit clock input. The DPLL output that may be 
used to feed the transmitter in FM modes lags by 90 
the output of the DPLL used by the receiver. This 
makes the received and transmitted bit cells occur 
simultaneously, neglect ing delays. A hardware 
reset selects the TRxC pin as the source of the 
transmit clocks. 



Table 14 


: Transmit Clock Source. 


Transmit 
Clock 1 


Transmit 
Clock 







1 
1 



1 


1 


Transmit Clock = RTxC Pin 
Transmit Clock = TRxC Pin 
Transmit Clock = BR Output 
Transmit Clock = DPLL Output 



Bit 2: TRxC O/l 

This bit determines the direction of the TRxC pin. If 
this bit is set to "1", the TRxC pin is an output and 
carries the signal selected by D1 and DO of this reg- 
ister. However, if either the receive or t he tran smit 
clock is programmed to come from the TRxC pin, 
TRxC w ill be a n input, regardless of the state of this 
bit. The TRxC pin is also an input if this bit is set to 
"0". A hardware reset forces this bit to "0". 



Bits 1 and : TRxC Output Source 1 and 

These bits deter mine th e signal to be echoed out of 
the SC C via the TRxC pin. No signal is produced if 
TRxC has been programmed as the source of either 
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REGISTERS DESCRIPTION (cont'd) 
Figure 54 : Write Register 1 1 . 
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TRxC OUT = XTAL OUTPUT 
TRxC OUT = TRANSMIT CLOCK 
TRxC OUT = BR GENERATOR OUTPUT 
TRiE OUT = DPLL OUTPUT 

TRxC Oil 

TRANSMIT CLOCK = RTxC PIN 

TRANSMIT CLOCK = TRxC PIN 

TRANSMIT CLOCK = BR GENERATOR OUTPUT 

TRANSMIT CLOCK = DPLL OUTPUT 



RECEIVE CLOCK = RTxC PIN 

RECEIVE CLOCK = TRxC PIN 

RECEIVE CLOCK = BR GENERATOR OUTPUT 

RECEIVE CLOCK = DPLL OUTPUT 



RTxC XTAUNO XTAL 



the receive or the transmit clock. If TRxC O/l (bit 2) 
is set to "0", these bits are ignored. 

If the XTAL oscillator output is programmed to be 
echoed, a nd the Xtal oscillator has not been en- 
abled, the TRxC pin goes High. The DPLL signal 
that is echoed is the DPLL signal used by the re- 
ceiver. Hardware reset selects the XTAL oscillator 
as the output source. 

Table 15 : Transmit External Control Selection. 



Output 
Signal 


Output 
Signal 







1 
1 



1 


1 


TRxC = XTAL Oscillator Output 
TRxC = Transmit Clock 
TRxC = B R Output 
TRxC = DPLL Output (Receive) 



Write Register 12 (lower byte of baud rate gener- 
ator time constant). WR12 contains the lower byte 
of the time constant for the baud rate generator. The 
time constant can be changed at any time, but the 
new value does not take effect until the next time 
the time constant is loaded into the down counter. 
No attempt is made to synchronize the loading of 
the time constant into WR12 and WR13 with the 
clock driving the down counter. For this reason, it is 
advisable to disable the baud rate generator while 
the new time constant is loaded into WR12 and 
WR13. Ordinarily, this is done anyway to prevent a 
load of the down counter between the writing of the 
upper and lower bytes of the time constant. 

The formula for determining the appropriate time 
constant for a given baud is shown below with the 
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REGISTERS DESCRIPTION (cont'd) 

desired rate in bits per second and the BR clock peri- 
od in seconds. This formula is derived because the 
counter decrements from N down to "0" - plus-one- 
cycle for reloading the time constant and is then fed 
to a toggle flip-flop to make the output a square 
wave. Bit positions for WR1 2 are shown in figure 55. 

Time constant = [1/2 desired rate . BR clock peri- 
od] -2 

Figure 55 : Write Register 12. 



|d / |d s |d s |d 4 Id 3 |d z |d 1 |d ] 

LL TCo 
— TCi 



TC 2 
TC 3 
TC 4 
TCs 
TCe 
TC 7 



LOWER BYTE OF 
TIME CONSTANT 



Write Register 13 (upper byte of baud rate gener- 
ator time constant). WR13 contains the upper byte 
of the time constant for the baud rate generator. Bit 
positions for WR1 3 are shown in figure 56. 

Write Register 14 (miscellaneous control bits). 
WR1 4 contains some miscellaneous control bits. Bit 
positions for WR1 4 are shown in figure 57. 

Bits 7 and 5 ; Digital Phase-locked Loop Com- 
mand Bits 

These three bits encode the eight commands for the 
Digital Phase-Locked Loop. A channel or hardware 
reset disables the DPLL, resets the mission clock 
latches, sets the source to the RTxC pin and selects 
NRZI mode. The Enter Search Mode command en- 
ables the DPLL after a reset. 

Null Command (000). This command has no effect 
on the DPLL. 

Enter Search Mode (001). Issuing this command 
causes the DPLL to enter the Search mode, where 
the DPLL searches for a locking edge in the incom- 
ing data stream. The action taken by the DPLL upon 
receipt of this command depends on the operating 
mode of the DPLL. 



Figure 56 : Write Register 13. 
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Figure 57 : Write Register 14. 
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1 


1 
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1 






BR GENERATOR ENABLE 
BR GENERATOR SOURCE 
DTR/REQUEST FUNCTION 
AUTO ECHO 
LOCAL LOOPBACK 



NULL COMMAND 

ENTER SEARCH MOPE 

RESET MISSING CLOCK 

DISABLE DPLL 

SET SOURCE ~ BR GENERATOR 

SET SOURCE = fitsC" 

SET FM MODE 

SET NRZI MODE 
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REGISTERS DESCRIPTION (cont'd) 

In NRZI mode, the output of the DPLL is High while 
the DPLL is waiting for an edge in the incoming data 
stream. After the Search mode is entered, the first 
edge the DPLL sees is assumed to be a valid data 
edge, and the DPLL begins the clock recovery oper- 
ation from that point. The DPLL clock rate must be 
32 times the data rate in NRZI mode. Upon leaving 
the Search mode, the first sampling edge of the 
DPLL occurs 16 of these 32X clocks after the first 
data edge and the second sampling edge occurs 48 
of these 32X clocks after the first data edge. Beyond 
this point, the DPLL begins normal operation, ad- 
justing the output to remain in sync with the incom- 
ing data. 

In FM mode, the output of the DPLL is Low while 
the DPLL is waiting for an edge in the incoming data 
stream. The first edge the DPLL detects is assumed 
to be a valid clock edge. For this to be the case, the 
line must contain only clock edges ; i.e., with FM1 
encoding, the line must be continuous "Os". With 
FMO encoding the line must be continuous "1s", 
whereas Manchester encoding requires alternating 
"1s" and "Os" on the line. The DPLL clock rate must 
be 16 times the data rate in FM mode. The DPLL 
output causes the receiver to sample the data 
stream in the nominal center of the two halves of the 
bit cell to decide whether the data was a "1 " or a "0". 
After this command is issued, as in NRZI mode, the 
DPLL starts sampling immediately after the first 
edge is detected. (In FM mode, the DPLL examines 
the clock edge of every other bit cell to decide what 
correction must be made to remain in sync). If the 
DPLL does not see an edge during the expected 
window, the one clock mission bit in RR10 is set. If 
the DPLL does not see an edge after two successive 
attempts, the two clocks missing bit in RR10 is set 
and the DPLL automatically enters the Search 
mode. This command resets both clock missing lat- 
ches. 

Reset Clock Missing (010). Issuing this command 
disables the DPLL, resets the clock missing latches 
in RR10, and forces a continuous Search mode 
state. 

Disable DPLL (001). Issuing this command dis- 
ables the DPLL, resets the clock missing latches in 
RR1 0, and forces a continuous Search mode state. 

Set Source = BR Gen (100). Issuing this command 
forces the clock for the DPLL to come from the out- 
put of the baud rate generator. 

Set Source = RTxC (101). Issuing the command 
forces the clock for the DPI I to come from the RTxC 
pin or the crystal oscillator, depending on the state 



of the XTAL/no XTAL bit in WR1 1 . This mode is se- 
lected by a channel or hardware reset. 

Set FM Mode (110). This command forces the 
DPLL to operate in the FM mode and is used to re- 
cover the clock from FM or Manchester-encoded 
data. (Manchester is decoded by placing the re- 
ceiver in NRZ mode while the DPLL is in FM mode). 

Set NRZI Mode (111). Issuing this command forces 
the DPLL to operate in the NRZI mode. This mode 
is also selected by a hardware or channel reset. 
Bit 4 : Local Loopback 

Setting this bit to "1" selects the local Loopback 
mode of operation. In this mode, the internal trans- 
mitted data is rout ed ba ck t o the r eceiver, as well as 
to the TxD pin. The CTS and DCD inputs are ignored 
as enables in Local Loopback mode, even if auto 
enables is selected. (If so programmed, transitions 
on these inputs still cause interrupts). This mode 
works with any Transmit/Receive mode except 
Loop mode. For meaning-ful results, the frequency 
of the transmit and receive clocks must be the same. 
This bit is reset by a channel or hardware reset. 

Bit 3 : Auto Enable 

Setting this bit to "1 " selects the Auto Enable mode 
of operation. In this mode, the TxD pin is connected 
to RxD, as in Local Loopback mode, but the receiver 
still listens to the RxD input. Transmitted data is 
nev er see n inside or outside the SCC in this mode, 
and CTS is ignored as a transmit enable. This bit is 
reset by a channel or hardware reset. 

Bit 2 : DTR/Request Function 



This bit selects the function of the DTR/REQ pin fol- 
lows the state of the DTR bit in WR5. If this bit is set 
to "1 ", the DTR/REQ pin follows the st ate of the D TR 
bit in WR5. If this bit is set to "1", the DTR/REQ pin 
goes Low whenever the transmit buffer becomes 
empty and in any of the synchronous mode when 
CRC has been sent at the end of a message. The 
request function on the DTR/REQ pin differs some- 
what f rom th e transmit request fun ction available on 
the W/REQ pin in that REQUEST does not go inac- 
tive until the internal operation satisfying the request 
is complete, which occ urs f our to f iv e PCLK cycles 
after the rising edge of DS, READ or WRITE. If the 
DMA used is edge-triggered, this difference is un- 
important. This bit is reset by a channel or hardware 
reset. 

Bit 1 : Baud Rate Generator Source 

This bit selects the source of the clock for the baud 
rate generator. If this bit is set to "0", the baud rate 
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generator clock comes from either the RTxC pin or 
the XTAL oscillator (depending on the state of the 
XTAL/no XTAL bit). If this bit is set to "1 ", the clock 
for the baud rate generator is the SCC's PCLK input. 
Hardw are reset sets this bit to "0", selecting the 
RTxC pin as the clock source for the baud rate gen- 
erator. 

Bit : Baud Rate Generator Enable 

This bit controls the operation of the baud rate gen- 
erator. The counter in the baud rate generator is en- 
abled for counting when this bit is set to "1", and 
counting is inhibited when this bit is set to "0". When 
this bit is set to "1", change in the state of this bit is 
not reflected by the output of the baud rate gener- 
ator for two counts of the counter. This allows the 
command to be synchronized. However, when set 
to "0", disabling is immediate. This bit is reset by a 
hardware reset. 

Write Register 15 (external/status interrupt con- 
trol). WR15 is the External/Status Source Control 
register. If the External/Status interrupts are en- 
abled as a group via WR1 , bits in this register con- 
trol which External/Status conditions can cause an 
interrupt. Only the External/Status conditions that 
occur after the controlling bit are sent to "1" will 
cause an interrupt. This is true even if an Exter- 
nal/Status condition is pending at the time the bit is 
set. Bit positions for WR15 are shown in figure 58. 

Bit 7 : Break/ Abort IE 

If this bit is set to "1", a change in the Break/Abort 
status of the receiver causes an External/Status in- 
terrupt. This bit is set by a channel or hardware 
reset. 

Bit 6 : Tx Underrun/EOM 

If this bit is set to "1", a change of state by the Tx 
Underrun/EOM latch in the transmitter causes an 
External/Status interrupt. This bit is set to "1 " a chan- 
nel or hardware reset. 

Bit5:CTSIE 

If this bit is set to "1 ", a change of state on the CTS 
pin causes an External/Status interrupt. This bit is 
set by a channel or hardware reset. 

Bit 4 : SYNC/Hunt IE 



If this bit is set to "1 ", a change of state on the SYNC 
pin causes an External/Status interrupt in Asyn- 
chronous mode, and a change of state in the Hunt 



bit in the receiver causes and External/Status inter- 
rupt in synchronous modes. This bit is set by a chan- 
nel or hardware reset. 

Bit3:DCDIE 

If this bit is set to "1 ", a change of state on the DCD 
pin causes an External/Status interrupt. This bit is 
set by a channel or hardware reset. 

Bit 2: Not Used 

Must be "0". 

Bit 1 : Zero Count IE 

If this bit is set to "1 ", an External/Status interrupt is 
generated whenever the counter in the baud rate 
generator reaches "0". This bit is set to "0" by a chan- 
nel or hardware reset. 

Bit 0: Not Used 

Must be "0". 

READ REGISTERS 

The MK85C30 SCC contains seven read registers 
in each channel. In addition there are two registers 
which are shared by both channels. The status of 
these registers is continually changing and depends 
on the mode of communication, received and trans- 
mitted data, and the manner in which this data is 
transferred to and from the CPU. The following de- 
scription details the bit assignments for each regis- 
ter. 

Read Register (transmit/receiver buffer status 
and external status). Read Register contains the 
status of the receive and transmit buffers. RR0 also 
contains the status bits for the six sources of Exter- 
nal/Status interrupts. The bit configuration is illus- 
trated in figure 59. 

Bit 7 : Break/ Abort 

In the Asynchronous mode, this bit is set when a 
Break sequence (null character plus framing error) 
is detected in the receive data stream. This bit is 
reset when the sequence is terminated, leaving a 
single null character in the receive FIFO. This char- 
acter should be read and discarded. In SDLC mode, 
this bit is set by the detection of an Abort sequence 
(seven or more "1 s"), then reset automatically at the 
termination of the Abort sequence. In either case, if 
the Break/Abort IE bit is set, an External/Status in- 
terrupt is initiated. Unlike the remainder of the Ex- 
ternal/Status bits, both transitions are guaranteed to 
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REGISTERS DESCRIPTION (cont'd) 

cause an External/Status interrupt, even if another 
External/Status interrupt is pending at the time these 
transitions occur. This procedure is necessary be- 
cause Abort or Break conditions may not persist. 

Bit 6 ; TX Underrun/EOM 

This bit is set by a channel or hardware reset and 
when the transmitter is disabled or a Send Abort 
command is issued. This bit can only be reset by the 
reset Tx Underrun/EOM Latch .command in WRO. 
When the Transmit Underrun occurs, this bit is set 
and causes an External/Status interrupt (if the Tx 
Underrun/EOM IE bit is set). 

Only the 0-to-1 transition of this bit causes an inter- 
rupt. This bit is always "1" in Asynchronous mode, 
unless a reset Tx Underrun/EOM Latch command 
has been erroneously issued. In this case, the Send 
Abort command can be used to set the bit to one 
and at the same time cause an External/Status in- 
terrupt. 

Bit 5 : Clear to Send 

If the CTS IE bit in WR1 5 is set, this bit indicates the 
state of the CTS pin the last time any of the enabled 
Exte rnal/Status bits changed. Any transition on the 
CTS pin whil e no interrupt is pending latches the 
state of the CTS pin and generates an Exter- 
nal/St atus i nterrupt. Any odd number of transitions 
on the CTS pin while another External/Status inter- 
rupt is pending also causes an External/Status in- 
terrupts condition. If the CTS IE bit is reset , it m erely 
reports the current unlatched state of the CTS pin. 

Bit 4 : SYNC/Hunt 

The operation of this bit is similar to that of the CTS 
bit, except that the condition monitored by the bit 

Figure 58 : Write Register 15. 
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• Tx UNDERRUN/EOM IE 
- BREAK/ABORT IE 



varies depending on the mode in which the SCC is 
operating. 

When the XTAL oscillator option is selected in asyn- 
chronous modes, this bit is forced to "0" (no Exter- 
nal/Status interrupt is generated). Selecting the 
XTAL oscillator in synchronous or SDLC modes had 
no effect on the operation of this bit. 

The XTAL oscillator should not be selected in Exter- 
nal Sync mode. 

In Asynchronous mode, the operation of this bit is 
identical to that of the CTS status bit, except that this 
bit reports the state of the SYNC pin. 



In External sync mode the SYNC pin is used by ex- 
ternal logic to signal character synchronization. 
When the Enter Hunt Mo de com mand is issued in 
External Sync mode, the SYNC pin must be held 
High by the external sync logic until cha racter s yn- 
chronization is achieved. A High on the SYNC pin 
holds the Sync/Hunt bit in the reset condition. 

When external synchronization is achieved, SYNC 
must be driven Low on the second rising edge of the 
Receive Clock after the last rising edge of the Re- 
ceive Clock on which the l ast bit o f the receive char- 
acter was received. Only SYNC is forced Low, it is 
good practice to keep it Low until the CPU informs 
the external sync logic that synchronization has 
been lost or that a new messag e is about to start. 
Both transitions on the SYNC pin cause Exter- 
nal/Status interrupts if the Sync/Hunt IE bit is set 
to'T\ 

The Enter Hunt Mode command should be issued 
whenever character synchronization is lost. At the 
same time, the CPU should inform the external logic 

Figure 59 : Read Register 0. 
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REGISTERS DESCRIPTION (cont'd) 

that character synchroniz ation h as been lost and 
that the SCC is waiting for SYNC to become active. 

In the Monosync and Bisync Receive modes, the 
Sync/Hunt status bit is initially set to "1 " by the Enter 
Hunt Mode command. The Sync/Hunt bit is reset 
when the SCC established character synchroniza- 
tion. Both transitions cause External/Status inter- 
rupts if the Sync/Hunt IE bit is set. When the CPU 
detects the end of message or the loss of character 
synchronization, the Enter Hunt Mode command 
should be issued to set the Sync/Hunt bit and cause 
an External/Status interrupt. In this mode, the SYNC 
pin is an output, which goes Low every time a sync 
pattern is detected in the data stream. 

In the SDLC modes, the Sync/Hunt bit is initially set 
by the Enter Hunt Mode command or when the re- 
ceiver is disabled. It is reset when the opening flag 
of the first frame is detected by the SCC. An Exter- 
nal/Status interrupt is also generated if the 
Sync/Hunt IE bit is set. Unlike the Monosync and Bi- 
sync modes, once the Sync/Hunt bit is reset in SDLC 
mode, it does not need to be set when the end of 
the frame is detected. The SCC automatically main- 
tains synchronization. The only way the Sync/Hunt 
bit can be set again is by the Enter Hunt Mode com- 
mand or by disabling the receiver. 

Bit 3 : Data Carrier Detect 

If the DCD bit in WR1 5 is set, this bit indicates the 
state of the DCD pin the last time the Enabled Ex- 
ternal/Status bits changed. Any transition on the 
DCD pin whil e no interrupt is pending latches the 
state of the DCD pin, and generates an Exter- 
nal/St atus in terrupt. Any odd number of transitions 
on the DCD pin while another External/Status inter- 
rupt is pending also causes an External/Status in- 
terrupt condition. If the DCD IE is reset, this bit 
mere ly reports the current, unlatched state of the 
DCD pin. 

Bit 2 : TX Buffer Empty 

This bit is set to "1" when the transmit buffer is 
empty. It is reset while CRC is sent in a synchron- 
ous or SDLC mode and while the transmit buffer is 
full. The bit is reset when a character is loaded into 
the transmit buffer. This bit is always in the set con- 
dition after a hardware or channel reset. 

Bit 1 : Zero Count 

If the Zero Count Interrupt Enable bit is set in WR1 5, 
this bit is set to one while the counter in the baud 



rate generator is at the count of zero. If there is no 
other External/Status interrupt condition pending at 
the time this bit is set, an External/Status interrupt 
is generated. However, if there is another Exter- 
nal/Status interrupt pending at this time, no interrupt 
is initiated until interrupt service is complete. If the 
Zero Count condition does not persit beyond the end 
of the interrupt service routine, no interrupt will be 
generated. This bit is not latched High, even thought 
the other External/Status latches close as a result 
of the Low-to-High transition on ZC. The interrupt 
service routine should check the other Exter- 
nal/Status conditions for changes. If none changed, 
ZC was the source. In polled applications, check the 
IP bit in RR3A for a status change and then proceed 
as in the interrupt service routine. 

Bit : RX Character A vailable 

This bit is set to "1 " when at least one character is 
available in the receive FIFO and is reset when the 
receive FIFO is complety empty. A channel or hard- 
ware reset empties the receive FIFO. 

Read Register 1. RR1 contains the Special Re- 
ceive Condition status bits and the residue codes 
for the l-field in SDLC mode. Figure 60 shows the 
bit positions for RR1. 

Bit 7 : End of Frame (SDLC) 

This bit is used only in SDLC mode and indicates 
that a valid closing flag has been received and that 
the CRC Error bit and residue codes are valid. This 
bit can be reset by issuing the Error Reset com- 
mand. It is also updated by the first character of the 
following frame. This bit is reset in any mode other 
than SDLC. 

Bit 6 : CRC/Framing Error 

If a framing error occurs (in Asynchronous mode), 
this bit is set (and not latched) for the receive char- 
acter in which the framing error occurred. Detection 
of a framing error adds an additional one-half bit to 
the character time so that the framing error is not in- 
terpreted as a new Start bit. In Synchronous and 
SDLC modes, this bit indicates the result of compar- 
ing the CRC checker to the appropriate check value. 
This bit is reset by issuing an Error Reset command, 
but the bit is never latched. Therefore, it is always 
updated when the next character is received. When 
used for CRC error status in Synchronous or SDLC 
modes, this bit is usually set since most bit combi- 
nation, except for a correctly completed message, 
result in a non-zero CRC. 
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Figure 60 : Read Register 1. 
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Bit 5 : Receiver Overrun Error 

This bit indicates that the receive FIFO has over- 
flowed. Only the character that has been written 
over is flagged with this error, and when the charac- 
ter is read, the Error condition is latched until reset 
by the Error Reset command. The overrun charac- 
ter and all subsequent characters received until the 
Error Reset command is issued causes a Special 
Receive Condition vector to be returned. 

Bit 4 : Parity Error 

When parity is enabled, this bit is set for the charac- 
ters whose parity does not match the programmed 
sense (even/odd). This bit is latched so that once an 
error occurs, it remains set until the Error Reset 
command is issued. If the parity in Special Condi- 
tion bit is set, a parity error causes a Special Re- 
ceive Condition vector to be returned on the 
character containing the error and on all subsequent 
characters until the Error Reset command is issued. 

Bit 3, 2, and 1 : Residue Codes 2, 1, and 

In those cases in SDLC mode where the received I- 
Field is not an integral multiple of the character 
length, these three bits indicate the length of the I- 
Field and are meaningful only for the transfer in 
which the end of frame bit is set. This field is set to 
"01 1" by a channel or hardware reset and is forced 
to this state in Asynchronous mode. These three bits 
can leave this state only if SDLC is selected and a 
character is received. The codes signify the follow- 
ing (Reference table 16 when a receive character 
length is eight bits per character). 

I-Field bits are right-justified in all cases. If a receive 
character length other than eight bits is used for the 
l-Field, a table similar to table 1 6 can be constructed 
for each different character length. Table 1 7 shows 



the residue codes for no residue (The I-Field bound- 
ary lies on a character boundary). 

Table 16 : I-Field Bit Selection (8 Bits 
only). 



Residue 


Residue 


Residue 


I-Field Bits 
in Last Byte 


I-Field Bits in 
Previous Byte 


1 











3 





1 
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1 


1 








5 








1 





6 


1 





1 





7 





1 


1 
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1 


1 


1 


1 


8 











2 


8 



Bit : All Sent 

In Asynchronous mode, this bit is set when all char- 
acters have completely cleared the transmitter pins. 
Most modems contain additional delays in the data 
path, which requires the modem control signals to 
remain active until after the data has cleared both 
the transmitter and the modem. This bit is always 
set in synchronous and SDLC modes. 



Table 17 : Residue Bits/Character. 




Bits / Char 


Residue 


Residue 


Residue 


8 





1 


1 


7 











6 





1 





5 








1 



Read Register 2. RR2 contains the interrupt vector 
written into WR2. When the register is accessed in 
Channel A, the vector returned is the vector actually 
stored in WR2. When this register is accessed in 
Channel B, the vector returned includes status in- 
formation in bits 1 , 2, and 3, or in bits 6, 5, and 4, 
depending on the state of the Status High/Status 
Low bit in WR9 and independent of the state of the 
VIS bit in WR9. The vector is modified according to 
table 1 1 shown in the explanation of the VIS bit in 
WR9. If no interrupts are pending, the status is V3, 
V2, V1 = 01 1 , or V6, V5, V4 = 1 1 0. Figure 61 shows 
the bit positions for RR2. 

Read Register 3. RR3 is the Interrupts Pending reg- 
ister. The status of each of the Interrupt Pending bits 
in the SCC is reported in this register. This register 
exists only in Channel A. If this register is accessed 
in Channel B, all "0s" are returned. The two unused 
bits are always returned as "0". Figure 62 shows the 
bit positions for RR3. 
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Read Register 8. RR8 is the Receive Data register. 

Read Register 10. RR10 contains some miscella- 
neous status bits. Unused bits are always "0". Bit 
positions for RR10 are shown in figure 63. 

Bit 7 : One Clock Missing 

While operating in the FM mode, the DPLL sets this 
bit to "1" when it does not see a clock edge on the 
incoming lines in the window where it expects one. 
This bit is. latched until reset by a Reset Missing 
Clock or Enter Search Mode command in WR14. In 
the NRZI mode of operation and while the DPLL is 
disabled, this bit is always "0". 

Bit 6 : Two Clocks Missing 

While operating in the FM mode, the DPLL sets this 
bit to "1 " when it does not see a clock edge in two 
successive tries. At the same time the DPLL enters 
the Search mode. This bit is latched until reset by a 
Reset Missing Clock or Enter Search Mode com- 
mand in WR10. In the NRZI mode of operation and 
while the DPLL is disabled, this bit is always "0". 

Bit 4 : Loop Sending 

This bit is set to "1" in SDLC Loop mode while the 
transmitter is in control of the Loop, that is, while the 

Figure 61 : Write Register 2. 
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SCC is actively transmitting on the loop. This bit is 
reset at all other times. 

This bit can be polled in SDLC mode to determin 
when the closing flag has been sent. 

Bit 1 : On Loop 

This bit is set to "1 " while the SCC is actually onloop 
in SDLC Loop mode. This bit is set to "1 " in the X.21 
mode (Loop mode selected while in monosync) 
when the transmitter goes active. This bit is "0" at 
all other times. This bit can also be pulled in SDLC 
mode to determine when the closing flag has been 
sent. 

Read Register 12. RR12 returns the value stored 
in WR1 2, the lower byte of the time constant for the 
baud rate generator. Figure 64 shows the bit posi- 
tions for RR1 2. 

Read Register 13. RR13 returns the value stored 
in WR1 3, the upper byte of the time constant for the 
baud rate generator. Figure 65 shows the bit posi- 
tions for RR1 3. 

Read Register 15. RR15 reflects the value stored 
in WR15, the External/Status IE bits. The two un- 
used bits are always returned as "0s". Figure 66 
shows the bits positions for RR15. 

Figure 62 : Write Register 3. 
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REGISTERS DESCRIPTION (cont'd) 
Figure 63 : Write Register 10. 
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Figure 64 : Write Register 12. 



1 Pr | P 6 I Ps j 1>4 I Pa J P 3 I Pi I Pol 



Lh 



L TCo 



TCo 
Td 
TC 2 

TC3 V LOWER BYTE OF 
■ TC4 I TIME CONSTANT 

TC 5 

TC, 

TC 7 



Figure 65 : Write Register 13. 



| Dy | P, I O s | D 4 | D 3 I P, | P, | Dp 1 

L tc« 

TC. 
TC10 
TCi, 



\1 



> UPPER BYTE OF 
TC12 ( TIME CONSTANT 

TC13 

. TC14 

TC15 



Figure 66 : Write Register 15. 
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SCC INITIALIZATION WORKSHEET 

This section describes the software initialization pro- 
cedure for the Serial Communications Controller 
(SCC). 

Figure 68 provides a worksheet that can be used as 
an aid when initializing the SCC. Since all SCC oper- 
ation modes are initialized in a similar manner, the 
worksheet can be used to tailor the SCC device to 
the user's individual need. Specific examples are 
given in the following sections. 

Register Overview 

Each of the SCC's two channels has its own separ- 
ate Write registers that are programmed to initialize 
different operating modes. There are two types of 
bits in the Write registers : Command bits and Mode 
bits. An example of a register that contains both 
types of bits is Write Register 9 (WR9), and is shown 
in figure 67. 
Figure 67 : Write Register 2. 
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NO RESET 
CHANNEL RESET B 
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WR9 is the Master Interrupt Control register and 
contains the Reset command bits. Command bits 
are denoted by having boxes drawn around them in 
register diagrams. Bit D5 in this register is not used 
in this register and must be at all times. 

The Command bits, D7 and D6, select one of the 
reset commands for the SCC. Setting either of these 
bits to 1 disables both the receiver and the transmit- 
ter in the corresponding channel, forces TxD for the 
channel marking, forces the modem control signals 
High in that channel, resets all IPs and lUSs, and 



disables all interrupts in that channel. Functions 
controlled by the Command bits can only be enabled 
or disabled, they cannot be toggled. 

Bits D4-D0 are Mode bits that can be enabled or dis- 
abled either by being set to "1 " or reset to "0". Each 
Mode bit affects only one function. For example, Bit 
D1 is the No Vector mode bit, it controls whether or 
not the SCC will respond to an interrupt acknow- 
ledge cycle by placing a vector on the data bus. If 
this bit is set, no vector is returned. In command bits 
entry, each new command requires a separate re- 
write of the entire register. Care must be taken when 
issuing a command, so that the Mode bits are not 
changed accidentally. 

Initialization Procedure 

The SCC initialization procedure is divided into three 
parts. The first part consists of programming the 
operation modes (e.g. bits-per-character, parity) 
and loading the constants (e.g., interrupt vector, 
time constants). The second part enables the hard- 
ware functions (e.g., transmitter, receiver, baud-rate 
generator). It is important that the operating modes 
are programmed before the hardware functions are 
enabled. The third part, if required, consists of en- 
abling the different interrupts. 

Table 18 shows the order (from top to bottom) in 
which the SCC registers are to be programmed. 
Those registers that need not be programmed are 
listed as optional in the comments column. The bits 
in the registers that are marked with an "X" are to 
be programmed by the user. The bits marked with 
an "S" are to be set to their previous programmed 
value. For example, in part 2, Write Register 3, bits 
D1-D7 are shown with an "S" because they have 
been programmed in part 1 and must remain set to 
the same value. 

Initialization Table Generation 

Figure 68 is a worksheet for the initialization of the 
SCC. All the bits that must be programmed as either 
a "0" or a "1 " are already filled in ; the remaining bits 
are left blank and are to be programmed by the user 
according to the desired mode of operation. The bi- 
nary value can then be converted to a hexadecimal 
number and placed in the table, following the Write 
register notation in the column labeled "HEX". A Pro- 
gram Initialization table is produced when this work- 
sheet is completed. 
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SCC INITIALIZATION WORKSHEET (cont'd) 
Figure 68 : SCC Initialization Worksheet. 



Label of SCC Table: __ , SCC Base Address 


DpRrriptinrv _ 




REGISTER HEX BINARY COMMENTS 
7 6 5 4 3 2 10 


S 


WRO _C_ _0_ ll 1 1 |o|o]e|o|o|o| SOFTWARE RESET 




WRO _£_ |o|o|o|o|o|o| 1 1 




WR4 1 J | 1 1 1 J 1 1 




WR1 1 1 1 lolol 1 1 1 




WR2 1 1 1 1 1 1 1 1 1 




WR3 1 1 1 1 1 1 1 1 1 1 




WR5 1 1 1 1 1 1 j 1 1 




i WRO II 1 1 1 I 1 
j . 1 1 1 1 I 1 1 1 | 




WR7 1 1 1 1 1 1 1 1 1 




WRO lololol I i j 1 J 




WR10 1 1 1 1 1 1 1 1 1 




WR11 1 1 1 I 1 1 1 1 




WR12 I I I I I I I I I 




WR13 __ 1 1 1 i j 1 II 1 




WR14 1 J 1 1 1 1 | 1 | 




WR14 II III D 








WR14 | | | | 1 | 1 1 1 | 








1 . 
WR3 1 j 1 1 | 1 1 1 | 


S3 


5 WH5 I III 1 1 1 | 1 


Ul 




WRO _? 0_ |l|o|o|o|o|o|l|o| r ESET ThCRC 








1 WR1 1 1 1 1 1 1 1 1 1 








■ WR15 1 1 1 1 1 1 1 1 1 






E 


WRO J 0_ |o|o|olllo|o|o|o| RESET ExWSTATUS 







u 


I WRO J 0_ |o|o|o|l|o|o|o[o| RESET ExWSTATUS 

J 1 1 1 1 | 1 1 j 


s 






WR1 || 








1 WRO lololol 1 1 1 1 | 
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SCC INITIALIZATION WORKSHEET (cont'd) 
Table 18 : SCC Initialization Order. 



Part 1. Modes and Constants 


WR9 


1100000 


Hardware Reset 


WRO 


ooooooxx 


Select Shift Mode (8030 only) 


WR4 


XXXXXXXX 


Tx/Rx Con, Async or Sync Mode 


WR1 


oxxooxoo 


Select W/REQ (opt) 


WR2 


xxxxxxxx 


Program interrupt Vector (opt) 


WR3 


xxxxxxxo 


Select Rx Control 


WR5 


xxxxoxxx 


Selects Tx Control 


WR6 


xxxxxxxx 


Program Sync Character (opt) 


WR7 


xxxxxxxx 


Program Sync Character (opt) 


WR9 


oooxoxxx 


Select Interrupt Control 


WR10 


xxxxxxxx 


Miscellaneous Control (opt) 


WR11 


xxxxxxxx 


Clock Control 


WR12 


xxxxxxxx 


Time Constant Lower Byte (opt) 


WR13 


xxxxxxxx 


Time Constant Upper Byte (opt) 


WR14 


xxxxxxxo 


Miscellaneous Control 


WR14 


xxxsssss 


Commands (opt) 



Reset Conditions 

Prior the initialization, the SCC should be reset by 
either hardware or software. A hardware reset can 



Part 2. Enables 


WR14 
WR3 
WR5 
WRO 
WR1 


000SSSS1 
SSSSSSS1 
SSSS1SSS 
10000000 

xssoosoo 


Baud Rate Enable 
Rx Enable 
Tx Enable 
Reset Tx CRG (opt) 
DMA Enable (opt) 


Part 3. Interrupt Status 


WR15 
WRO 
WRO 
WR1 
WR9 


xxxxxxxx 

00010000 
00010000 

sssxxsxx 
ooosxsss 


Enable External/status 
Reset External Status 
Reset External Status Twice 
Enable Rx, Tx and Ext/status 
Enable Master Interrupt Enable 


1 = Set to one 
= Reset to zero 


X = User defined 

S = Same as previously prog. 



be accomplished by simultaneously grounding. A 
software reset can be executed by writing a OH to 
Write Register 9. 



POLLED ASYNCHRONOUS MODE 

This section describes the use of the SCC in polled 
Asynchronous Mode. The device can be set with 5 
to 8 bits per character, 1 , 1 .5, or 2 stop bits, and a 
wide range of baud rates. In this particular example, 
8 bits per character, 2 stop bits and 9600 baud rate 
are used. An external 2.4576MHz, crystal oscillator 
is used for baud-rate generation. The SCC can be 
programmed for local loopback for on-board diag- 
nostics. The user can make use of this feature to 
test-program the part without additional hardware to 
simulate an actual transmit and receive environ- 
ment. 

SCC Interface 

Figure 69 shows the SCC to CPU interface required 
for this application. The 8-bit data bus and control 
lines all come from the user's CPU. The 8530 con- 
trol lines are RD, WR, A/B, D/C and CE. PCLK 
comes from the system clock, or an external crys- 
tal, up to the maximum rate of the SCC. The IEI and 
the INTACK pins should be pulled up . The b aud-rate 
generator clock is connected to the RTxC pin. 

SCC Initialization 

Initialization of the SCC for polled asynchronous 
communication is divided into two parts ; part one 
programs the operating modes of the SCC and part 
two enables them. Care must be taken when writ- 



ing the software to meet the SCC's Cycle and Reset 
Recovery times. The Cycle Recovery time, 6 PCLK 
cycles, applies to the period between any Read or 
Write cycles affecting the SCC. The Reset Recovery 
time is the period after a hardware reset caused 
either by hardware or software ; this recovery time 
extends the Cycle Recovery time to 1 1 PCLK cycles. 
For more details about these recovery times, see 
the section Interfacing the SCC. 

Table 19 : Polled Asynchronous Initialization Pro- 
cedure. 



Register 


Value 


Comments 


WR9 
WR4 
WR3 
WR5 
WR9 
WR10 
WR11 
WR12 
WR13 
WR14 


C0H 
4CH 
C0H 
60H 
00H 
00H 
56H 
06H 
00H 
10H 


Force Hardware Reset 

x16 Clock, 2 Stop Bits, no Parity 

Rx8 Bits, Rx Disabled 

Tx8 Bits, DTR, RTS, Tx off 

Int. Disabled 

NRZ 

Tx & Rx = BRG out, TRxC = BRG out 

Time Constant = 6 

Time Constant High = 

BRG in = RTxC, BRG off, Loopback 


Enables 


WR14 
WR3 
WR5 


11H 
C1H 
68H 


BRG Enable 
Rx Enable 
Tx Enable 
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POLLED ASYNCHRONOUS MODE (cont'd) 

Figure 69 : SCC to CPU Interface in Polled Asynchronous Mode. 



C 



^> 



S CONTROL s\ 



XTAL 
OSC 



PN 12 FOR CHANNEL A 
PW 28 FOR CHANNEL B 



2.457B MHx 
OSC 



SCC Operating Mode Programming 

WR9 resets the SCC to a known state by writing a 
CO hex. The command, Force Hardware Reset, is 
identical to a hardware reset. 
WR4 selects the asynchronous, x 1 6 mode, with 2 
stop bits and no parity. The x 16 mode means that 
clock rate is 16 times the data rate. 
WR3 selects 8 bits per character and does not en- 
able the receiver. The 8 bits per character allows 8 
bits to be assembled from the data stream. The re- 
ceiver is not enabled at this time because the SCC 
has not been initialized. 

WR5 selects 8 bits per character and does not en- 
able the transmitter. The 8 bits per character allows 
8 bits to be sent, as data, with the least significant 
bit first. The transmitter is not enabled at this time 
because the SCC has not been initialized. 
WR9 selects that there are no interrupts enabled. 
This inhibits the SCC from requesting an interrupt 
from the CPU. 

WR10 selects NRZ encoding. This NRZ coding is 
used on the transmitter as well as the receiver. 
WR11 selects the RTxC pin to TTL clock ; the baud- 
rate generator is the transmit and receive clocks 
source, and the TRxC pin as a baud-rate generator 
output. 
WR12 & WR13 and select the baud-rate generator's 



time constant. The WR13 time constant is determined 
by the equation : 

Clock Frequency 

Time Constant = 2 

2 x Baud Rate x clock mode 
In this example, the clock frequency is 2.4576MHz, 
the baud rate is 9600, and the clock mode is 1 6, the 
time constant is, therefore, 6 ; expressed as a 16- 
bit, hexadecimal number, it is 0006H. The time con- 
stant LOW (WR12) is, therefore, 06H and the time 
constant HIGH (WR13) is 00H. The baud rate for 
this example can be varied, as long as the data rate 
is less than 1/4 of the PCLK rate. 
Table 20 shows the time constants for other com- 
mon baud rates. 

Table 20 : Time Constants for Common Baud 
Rates. 



Baud Rate 


Divider 




Decimal 


Hex 


38400 

19200 

9600 

4800 

2400 

1200 

600 

300 

150 




2 

6 

14 
30 
62 
126 
254 
510 


OOOOH 
0002H 
0006H 
OOOEH 
001 EH 
003EH 
007EH 
OOFEH 
01FEH 


For 2.4576 MHz Clock, X 16 Mode 
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POLLED ASYNCHRONOUS MODE (cont'd) 



Figure 70 : Transmit and Receive Routine. 
; Transmit a character 



WR1 4 selects the baud-rate generator as the RTxC 
pin, baud-rate generator disabled, and int ernal lo op- 
back. The baud-rate generator uses the RTxC pin 
as the clock source and is not enabled at this time 
because the SCC initialization is not complete. 

SCO Operating Mode Enables 

WR14 enables the baud-rate generator. Bit (LSB) 
is changed to a 1 to enable the baud-rate generator ; 
all other bits must maintain the value selected dur- 
ing initialization. 

WR3 enables the receiver. Bit (LSB) is changed 
to a 1 to enable the receiver, all other bits must main- 
tain the value selected during initialization. 
WR5 enables the transmitter. Bit 3 is changed to a 
1 to enable the transmitter, all other bits must main- 
tain the value selected during initialization. 

Transmit and Receive Routines 

After initialization, and after all enables have been 
selected, the SCC is ready for communication. 

The transmitter buffer and the receive FIFO are 
empty. The example shown below is coded to trans- 
mit and receive characters. 
Figure 71 : SCC to CPU Interface in Interrupt without INTACK Asynchronous Mode. 



TXCHAR : 


INPUT 


RRO 


;Read RRO 




Test 


Bit 2 


;Test transmit 
buffer empty 




JZ 


TXCHAR 


;Loop if not 
empty 




OUTPUT CHAR 


;Output character 








to data port 




RET 




Return 


; Receive a character 






RXCHAR 


INPUT 


RRO 


;Read RRO 




TEST 


BITO 


;Test Receive 
buffer 




JZ 


RXCHAR 


;Loop if not full 




INPUT 


CHAR 


;lnput character 
from data port 




RET 




;Return 



< C d,t * IS> 



^ CONTROL sS 



XTAL 
OSC 



INTACK 



INTERRUPT 
CONTROLLER 



PIN 12 FCR CHANNEL A 
PIN 28 FOR CHANNEL 8 



2A57& MHr 
OSC 
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INTERRUPT WITHOUT INTACK ASYNCHRONOUS MODE 



This section describes the use of the SCC for inter- 
rupt-driven Asynchronous Mode. As with the 
example in the previous chapter, the SCC is set 
with 8 bits per character, 2 stop bits, at 9600 baud 
rate. An external 2.4576MHz, crystal oscillator is 
used for baud-rate generation. Interrupt acknow- 
ledge is not generated because of the extra hard- 
ware required to produce this signal. In this chapter, 
the SCC is also programmed for local loopback so 
that no external loop between the transmit and the 
receive data lines is needed for on-board diagnos- 
tics. This feature allows the user to test-program the 
part without additional hardware to simulate an ac- 
tual transmit and receive environment. 

SCC Interface 

Figure 71 shows the SCC to CPU interface required 
for this application. The 8-bit data bus and control 
lines all come from the user's CPU. For the 
MK85C30, the control lines are RD, WR, A/B, D/C 
and CE. The INT signal goes to an interrupt control- 
ler which must produce the interrupt vector to the 
CPU. The PCLK comes from the system clock, or 
an external crystal oscillator, up to the maxi mum 
rate of the SCC. The IEI and the INTACK pins 
should be pulled up . The b aud-rate generator clock 
is connected to the RTxC pin. 

SCC Initialization 

The initialization of the SCCforinterrupt-driven asyn- 
chronous communication is divided into three parts. 
Part one programs the operating modes of the SCC, 
part two and three enable them. Care must be taken 
when writing the code to meet the SCC's Cycle and 
Reset Recovery times. The Cycle Recovery time ap- 
plies to the period between any Read or Write cycles 
to the SCC, and is 6PCLK cycles. The Reset Reco- 
very time applies to a hardware reset caused either 
by hardware or software ; this recovery time extends 
the Cycle Recovery time to 1 1 PCLK cycles. More de- 
tails about these recovery times can be found in the 
section Interfacing the SCC. 



Table 21. 



Register 


Value 


Comments 


WR9 


COH 


Force Hardware Reset 


WR4 


4CH 


x16 Clock, 2 Stop Bits, no Parity 


WR2 


00H 


Interrupt Vector 00WR3 




COH 


Rx8 Bits, Rx Disabled 


WR5 


60H 


Tx8 Bits, DTR, RTS, Tx off 


WR9 


00H 


Int. Disabled WR10 




00H 


NRZ 


WR11 


56H 


Tx & Rx = BRG out, TRxC = BRG out 


WR12 


06H 


Time Constant = 6 


WR13 


00H 


Time Constant High = 


WR14 


10H 


BRG in = RTxC, BRG off, Loopback 


Enables 


WR14 


11H 


BRG Enable 


WR3 


C1H 


Rx Enable 


WR5 


68H 


Tx Enable 


Enable Interrupts 


WR1 


12H 


Rx Int on All Char and Tx Int Enables 


WR9 


08H 


MIE 



SCC OPERATING MODES PROGRAMMING 

WR9 resets the SCC to a known state by writing a 
CO hex. This command, Force Hardware Reset, is 
identical to a hardware reset. 

WR4 selects asynchronous mode, x 16 mode, 2 
stop bits and no parity. The x 1 6 mode means that 
the clock rate is 16 times the data rate. 

WR2 is the interrupt vector of the SCC. Even though 
a vector is not placed on the bus in this mode the 
vector including status in read from RR2. By writing 
00H to this register the status read will be the only 
bits set in RR2. 

WR3 selects 8 bits per character and does not en- 
able the receiver. The 8 bits per character allows 8 
bits to be assembled from the data stream. The re- 
ceiver is not enabled at this time because the SCC 
is not completely initialized. 
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INTERRUPT WITHOUT INTACK ASYNCHRONOUS MODE (cont'd) 



WR5 selects 8 bits per character and does not en- 
able the transmitter. The 8 bits per character allows 
8 bits to be sent as data with the least significant bit 
first. The transmitter is not enabled at this time be- 
cause the SCC is not completely initialized. 

WR9 selects that there are no interrupts enabled. 
This will inhibit the SCC from requesting an interrupt 
from the CPU. 

WR10 selects NRZ encoding. This selects NRZ 
coding is to be used on the transmitter and the re- 
ceiver. 

WR1 1 selects the RTxC pin to TTL clock, the trans- 
mit and receive clocks source as the baud-rate gen- 
erator and the TRxC pin as a baud-rate generator 
output. 

WR1 2 & WR1 3 select the baud-rate generators time 
constant. The time constant is determined by the 
equation : 

Clock Frequency 
Time Constant = 



"2 x Baud Rate x clock mode 
In this example, the clock frequency is 2.4576MHz, 
the baud rate is 9600, and the clock mode is 1 6 ; the 
time constant is 6. Converting this time constant to 
a 16-bit hexadecimal number, it becomes 0006H. 
The time constant LOW (WR1 2) is 06H and the time 
constant HIGH (WR13) is 00H. The baud rate for 
this example can be varied for as long as the data 
rate is less than 1 /4 of the PCLK rate. Table 22 gives 
the time constants for other common baud rates. 
Table 22 : Time Constants for Common 
Baud Rates. 



Baud Rate 


Divider 




Decimal 


Hex 


38400 

19200 

9600 

4800 

2400 

1200 

600 

300 

150 




2 

6 

14 
30 
62 
126 
254 
510 


OOOOH 
0002H 
0006H 
OOOEH 
001 EH 
003EH 
007EH 
OOFEH 
01FEH 


For 2.4576 MHz Clock, X 16 Mode 



WR1 4 selects the baud rate source as the RTxC pin, 
baud rate generator disabled, and inte rnal lo op- 
back. The baud-rate generator will use the RTxC pin 
as the clock source for the baud-rate generator. The 
baud-rate generator is not enabled at this time be- 
cause the SCC initialization is not complete. 



SCC Operating Mode Enables 
WR14 enables the baud-rate generator. Bit (LSB) 
is changed to a 1 to enable the baud-rate generator ; 
all other bits must maintain the value selected during 
initialization. 

WR3 enables the receiver. Bit (LSB) is changed 
to a 1 to enable the receiver ; all other bits must 
maintain the value selected during initialization. 
WR5 enables the transmitter. Bit 3 is changed to a 
1 to enable the transmitter ; all other bits must main- 
tain the value selected during initialization. 

SCC Operating Mode Interrupts 

WR1 enables the Tx and the Rx interrupts. The Rx 
interrupt is programmed to generate an interrupt an 
all received characters or special conditions. This 
provides an interrupt on every character received by 
the SCC. The external/status interrupts are not en- 
abled in this application. 

WR9 sets the master interrupt enable (MIE) bit 3. 
Seting this bit enables the interrupts pending to 
generate and interrupt on the INT pin. 

Interrupt Routine 

When the SCC has been initialized and enabled, it 
is ready for communication. The transmitter buffer 
and the receive FIFO are both empty. An interrupt 
will not be generated until the software writes the 
first character to the transmit buffer. Once the first 
character is in the SCC shift register, the first trans- 
mit interrupt will occur. The SCC will then keep set- 
ting transmit and receive interrupts to the interrupt 
controller until the end of the message. At the end 
of the message, a Reset Transmitter Interrupt Pend- 
ing (WR0) is issued to clear the transmit interrupt. 
After the last character is read into the SCC, the in- 
terrupts will cease until another message is written 
into the transmitter. 

Once an interrupt is received and the interrupt con- 
troller vectors to the interrupt routine, RR2 is read 
from channel B. The value read from RR2 is the vec- 
tor, including status. This vector shows the status of 
the highest priority interrupt pending (IP) at the time 
it is read. Once the highest priority interrupt condi- 
tion is cleared, RR2 will show the status of the next 
highest interrupt pending, if one is present. This 
allows multiple interrupts to be serviced without the 
overhead of the interrupt acknowledge cycle of the 
interrupt controller. 

The following example shows how the interrupt rou- 
tine should be coded. 
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HARDWARE INFORMATION 
ABSOLUTE MAXIMUM RATINGS 



Parameter 


Test Conditions 


Unit 


Operating Temperature MK85C30X-XX00 
MK85C30X-XX10 
MK85C30X-XX1 1 


to + 70 
- 40 to + 85 
-55to + 125 


°C 

°c 
°c 


Storage Temperature 


-65 to + 150 


°c 


Voltages on any Pin with Respect to GND 


- 0.3 to + 7 


V 


Total Power Dissipation 


700 


mW 


Oscillator Frequency MK85C30X-08 
MK85C30X-10 
MK85C30X-12 


Oto 8 
Oto 10 
Oto 12 


MHz 



Note : Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of these specifications is 
not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 



Test Conditions 

The characteristics below apply for the following 
standard test conditions, unless otherwise noted. All 
voltages are referenced to GND. Positive current 
flows into the reference pin. 



Figure 73 : Standard Test Load. 


♦ 5V 


> 2.1K 


FROM OUTPUT ft f - l/l 1 


UNDER TEST w 




100 pF ; 


i 

[ v% 




L I T 



Standard conditions are as follows : 

- + 4.75V < Vcc< 5.25V 

- GND = 0V 

_ 0°C<Ta< +70°C 
All ac parameters assume a load capacitance of 
50pf max. 

Figure 74 : Open-Drain Test Load. 




DC CHARACTERISTICS 



Symbol 


Parameter 


Test Conditions 


Min. 


Max. 


Unit 


V,H 


Input High Voltage 




2.0 


Vcc+0.3 


V 


V|L 


Input Low Voltage 




-0.3 


0.8 


V 


V H 


Output High Voltage 


Ioh = -250uA 


2.4 




V 


Vol 


Output Low Voltage 


Iol =+ 2.0 mA 




0.4 


V 


Iil 


Input Leakage 


0.4 < Vin < + 2.4 V 




± 10.0 


uA 


Iol 


Output Leakage 


0.4 < Vqut < + 2.4 V 




± 10.0 


uA 


Ice 


V C c Supply Current 






30 


mA 



Vcc = 5V ± 5% unless otherwise specified, over specified temperature range. 
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HARDWARE INFORMATION (cont'd) 

Capacitance 



Symbol 


Parameter 


Test Conditions 


Min. 


Max. 


Unit 


C|N 


Input Capacitance 






10 


Pf 


CoUT 


Output Capacitance 






15 


pf 


Ci/o 


Bidirectional Capacitance 






20 


Pf 



f = 1MHz, over specified temperature range. 
Unmeasured pins returned to ground. 

AC Timing Characteristics 
Figure 75 : Read and Write Timing. 
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HARDWARE INFORMATION (cont'd) 
Table 23 : AC Timing Characteristics. 



N° 


Symbol 


Parameter 


8MHz 


10MHz 


12MHz 


Notes 

(3) 


Min. 

(ns) 


Max. 

(ns) 


Min. 

(ns) 


Max. 

(ns) 


Min. 

(ns) 


Max. 

(ns) 


1 


TwPC1 


PCLK Low Width 


50 


1000 


40 


1000 


34 


1000 




2 


TwPCh 


PCLK High Width 


50 


1000 


40 


1000 


34 


1000 




3 


TfPC 


PCLK Fall Time 




10 




8 




8 




4 


TrPC 


PCLK Rise Time 




10 




8 




8 




5 


TcPC 


PCLK Cycle Time 


125 


2000 


100 


2000 


83.3 


2000 




6 


TsA(WR) 


Address to WR i Setup Time 


70 




60 




45 






7 


ThA(WR) 


Address to WR T Hold Time 



















8 


TsA(RD) 


Address to RD i Setup Time 


70 




60 




45 






9 


ThA(RD) 


Address to RD T Hold Time 



















10 


TslA(PC) 


INTACK to PCLK T Setup Time 


10 




10 




10 






11 


TslAi(WR) 


INTACK to WR i Setup Time 


145 




125 




100 




1 


12 


ThlA(WR) 


INTACK to WR T Hold Time 



















13 


TslAi(RD) 


INTACK to RD i Setup Time 


145 




125 




100 




1 


14 


ThlA(RD) 


INTACK to RD T Hold Time 



















15 


ThlA(PC) 


INTACK to PCLK T Hold Time 


85 




65 




40 






16 


TsCE1(WR) 


CE Low to WR 1 Setup Time 



















17 


ThCE(WR) 


CE to WR T Hold Time 



















18 


TsCEh(WR) 


CE High to WR I Setup Time 


60 




50 




40 






19 


TsCE1(RD) 


CE Low to RD i Setup Time 

















1 


20 


ThCE(RD) 


CE to RD t Hold Time 

















1 


21 


TsCEh(RD) 


CE High to RD I Setup Time 


60 




50 




40 




1 


22 


TwRD1 


RD Low Width 


150 




120 




100 




1 


23 


TdRD(DRA) 


RD i to Read Data Active Delay 



















24 


TdRDr(DR) 


RD t to Read Data Not Valid Delay 



















25 


TdRDf(DR) 


RD si to Read Data Valid Delay 




140 




120 




100 




26 


TdRD(DRz) 


RD T to Read Data Float Delay 




40 




25 




20 


2 


Note* 


> : 1 . Parana 


3ter does not apply to Interrupt Acknowledge 


transactio 


is. 













2. Float delay is defined as the time required for a ± 0.5V change in the output with a maximum dc load and minimum ac load. 

3. Timings are preliminary and subject to change. 



*V 



SGS-THOMSON 

it 



85/93 



471 



MK85C30 



HARDWARE INFORMATION (cont'd) 

Figure 76 : Interrupt Acknowledge Timing. 




Figure 77 : Reset Timing. 




Figure 78 : Cycle Timing. 
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HARDWARE INFORMATION (cont'd) 
Table 24 : AC Timing Characteristics. 



N° 


Symbol 


Parameter 


8MHz 


10MHz 


12MHz 


Notes 

(4) 


Min. 

(ns) 


Max. 

(ns) 


Min. 

(ns) 


Max. 

(ns) 


Min. 

(ns) 


Max. 

(ns) 


27 


TdA(DR) 


Address Required Valid to Read Data 
Valid Delay 




220 




175 




150 




28 


TwWR1 


WR Low Width 


150 




120 




100 






29 


TsDW(WR) 


Write Data to WR i Setup Time 


10 




10 




10 






30 


ThDW(WR) 


Write Data WR T Hold Time 



















31 


TdWR(W) 


WR i to Wait Valid Delay 




170 




130 




110 


2 


32 


TdRD(W) 


RD 1 to Wait Valid Delay 




170 




130 




110 


2 


33 


TdWRf(REQ) 


WR 1 to W / REQ Not Valid Delay 




170 




130 




110 




34 


TdRDf(REQ) 


RD 1 to W / REQ Not Valid Delay 




170 




130 




110 




35 


TdWRr(REQ) 


WR T to DTR / REQ Not Valid Delay 




4TcPC 




4TcPC 




4TcPC 




36 


TdRDr(REQ) 


RD T to DTR / REQ Not Valid Delay 




4TcPC 




4TcPC 




4TcPC 




37 


TdPC(INT) 


PCLK i to INT Valid Delay 




500 




500 




500 


2 


38 


TdlAi(RD) 


INTACK to RD i (Acknowledge) Delay 


150 




120 




100 




3 


39 


TwRDA 


RD (Acknowledge) Width 


150 




120 




100 






40 


TdRDA(DR) 


RD 4 (Acknowledge) to Read Data 
Valid Delay 




140 




100 




90 




41 


TslEI(RDA) 


IEI to RD i (Acknowledge) Setup Time 


95 




80 




70 






42 


ThlEI(RDA) 


IEI to RD T (Acknowledge) Hold Time 



















43 


TdlEI(IEO) 


IEI to IEO Delay Time 




95 




80 




70 




44 


TdPC(IEO) 


PCLK T to IEO Delay 




200 




150 




130 




45 


TdRDA(INT) 


RD I to INT Inactive Delay 




450 




450 




450 


2 


46 


TdRD(WRQ) 


RD T WR i Delay for No Reset 


15 




10 




10 






47 


TdWRQ(RD) 


WR T to RD i Delay for No Reset 


20 




15 




15 






48 


TwRES 


WR and RD Coincident Low for Reset 


150 




130 




110 






49 


Trc 


Valid Access Recovery Time 


4TcPC 




4TcPC 




4TcPC 




1 



Notes : 



1 . Parameter applies only between transactions involving the SCC. 

2. Open-drain output, measured with open-drain test load. 

3. Parameter is system dependent. For any SCC in the daisy chain, TdlAi(RD) must be greater than the num of TdPC(IEO) for the hig- 
hest priority device in the daisy chain, TslEI(RDA) for the SCC, and TdlElf(IEO) for each device separating them in the daisy chain. 

4. Timings are preliminary and subject to change 
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HARDWARE INFORMATION (cont'd) 
Figure 79 : General Timing. 
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HARDWARE INFORMATION (cont'd) 

Table 25 : General Timing Characteristics (cont'd). 



N° 


Symbol 


Parameter 


8MHz 


10MHz 


12MHz 


Notes 

(8) 


Min. 

(ns) 


Max. 

(ns) 


Min. 

(ns) 


Max. 

(ns) 


Min. 

(ns) 


Max. 

(ns) 


1 


TdPC(REQ) 


PCLK i to W / REQ Valid Delay 




250 




250 




250 




2 


TdPC(W) 


PCLK i to Wait Inactive Delay 




350 




350 




350 




3 


TsRXC(PC) 


RxC T to PCLK t Setup Time 
(PCLK -h 4 case only) 


80 


TwPCL 


70 


TwPCL 


60 


TwPCL 


1.4 


4 


TsRXD(RXCr) 


RxD to RxC T Setup Time (X1 Mode) 



















5 


ThRXD(RXCr) 


RxD to RxC T Hold Time (X1 Mode) 


150 




150 




150 






6 


TsRXD(RXCf) 


RxD to RxC 1 Setup Time (X1 Mode) 

















1.5 


7 


ThRXD(RXCf) 


RxD to RxC 1 Hold Time (X1 Mode) 


150 




150. 




150 




1.5 


8 


TsSY(RXC) 


SYNC to RxC T Setup Time 


-200 




-200 




-200 






9 


ThSY(RXC) 


SYNC to RxC t Hold Time 


3TcPC 
+ 400 




3TcPC 
+ 320 




3TcPC 
+ 250 






10 


TsTXC(PC) 


TxC i to PCLK T Setup Time 

















2.4 


11 


TdTXCf(TXD) 


TxC i to TxD Delay (X1 Mode) 




300 




230 




200 


2 


12 


TdTXCr(TXD) 


TxC T to TxD Delay (X1 Mode) 




300 




230 




200 


2.5 


13 


TdTXD(TRX) 


TxD to TRxC Delay (Send Clock Echo) 




200 




200 




200 




14 


TwRTXh 


RTxC High Width 


180 




180 




150 




6 


15 


TwRTXI 


RTxC Low Width 


180 




180 




150 




6 


16 


TcRTX 


RTxC Cycle Time 


1000 




640 




500 




6.7 


17 


TcRTXX 


Crystal Oscillator Period 


125 


1000 


100 


1000 


83.3 


1000 


3 


18 


TwTRXh 


TRxC High Width 


150 




130 




110 




6 


19 


TwTRXI 


TRxC Low Width 


150 




130 




110 




6 


20 


TcTRX 


TRxC Cycle Time 


500 




400 




333 




6.7 


21 


TwEXT 


DCD or CTS Pulse Width 


200 




200 




200 






22 


TwSY 


SYNC Pulse Width 


200 




200 




200 






Notes 


» : 1 . RxC is 


RTxC or TRxC, whichever is supplying the r 


eceive doc 


k. 













2. TxC i s TRx C or RTxC, whichever is supplying the transmit clock. 

3. Both RTxC and SYNC have 30pF capacitors to ground connected to them. 

4. Parameter applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between RxC and PCLK 
or TxC and PCLK is required. 

5. Parameter applies only to FM encoding/decoding. 

6. Parameter applies only for transmitter and receiver ; DPLL and baud rate generat or timing requirements are identical to chip PCLK 
requirements. 

7. The maximum receive on transmit data is 1/4PCLK. 

8. Timings are preliminary and subject to change. 
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HARDWARE INFORMATION (cont'd) 

Figure 80 : System Timing. 
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HARDWARE INFORMATION (cont'd) 

Table 26 : System Timing Characteristics (cont'd). 



N° 


Symbol 


Parameter 


8MHz 


10MHz 


12MHz 


Notes 

(4.5) 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


1 


TdRXC(REQ) 


RxCttoW/REQ Valid Delay 


8 


12 


8 


12 


8 


12 


2 


2 


TdRXC(W) 


RxC T to Wait Inactive Delay 


8 


12 


8 


12 


8 


14 


1.2 


3 


TdRXC(SY) 


RxC T to SYNC Valid Delay 


4 


7 


4 


7 


4 


7 


2 


4 


TdRXC(INT) 


RxC T to INT Valid Delay 


10 


16 


10 


16 


10 


16 


1.2 


5 


TdTXC(REQ) 


TxC I to W / REQ Valid Delay 


5 


8 


5 


8 


5 


8 


3 


6 


TdTXC(W) 


TxC i to Wait Inactive Delay 


5 


8 


5 


8 


5 


11 


1.3 


7 


TdTXC(DRQ) 


TxCltoDTR/REQ Valid 
Delay 


4 


7 


4 


7 


4 


7 


3 


8 


TdTXC(INT) 


TxC I to INT Valid Delay 


6 


10 


6 


10 


6 


10 


1.3 


9 


TdSY(INT) 


SYNC Transition to INT Valid 
Delay 


2 


6 


2 


6 


2 


6 


1 


10 


TdEXT(INT) 


DCD or CTS Transition to INT 
Valid Delay 


2 


6 


2 


6 


2 


6 


1 



7. The maximum receive on transmit data is 1/4PCLK. 

8. Timings are preliminary and subject to change. 
Notes : 1 . Open - drain o utp ut, me asured with open-drain test load. 

2. RxC is RTxC or TRxC , whichever is supplying the receive clock. 

3. TxC is TRxC or RTxC, whichever is supplying the transmit clock. 



PACKAGES MECHANICAL DATA 

Figure 81 : 40-Pin Dual in Line Plastic (N). 




i 



=n 



3^" 



Dim. 


mm 


Inches 


Min 


Typ 


Max 


Min 


Typ 


Max 


A 














a1 




0.63 






.024 




b 




0.45 






.017 




b1 


0.23 




0.31 


.009 




.012 


b2 




1.27 






.050 




C 














D 






52.58 






2.07 


E 


15.20 




16.68 


.598 




.656 


e 




2.54 






.100 




e3 




48.26 






1.90 




e4 














F 






14.10 






.555 


I 




4.45 






.175 




L 




3.30 






.129 




K1 














K2 
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PACKAGE MECHANICAL DAT A (cont'd) 
Figure 82 : 40-Pin Dual in Line Ceramic (P). 
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Dim. 


mm 


Inches 


Min 


Typ 


Max 


Min 


Typ 


Max 


A 














a1 




1.27 






.050 




a2 














B 




1.27 






.050 




b1 




0.45 






.017 




b2 




0.25 






.010 




C 




2.33 






.091 




D 






51.30 






2.01 


E 




15.24 






.600 




e 




2.54 






.100 




e3 




48.26 






1.90 




F 






15.36 






.604 


L 




3.30 






.129 




K 




12.80 






.503 




K1 




12.80 






.503 





Figure 83 : 44-Lead Plastic Leaded Chip Carrier (Q). 




3 





Dim. 


mm 


Inches 


Min 


Typ 


Max 


Min 


Typ 


Max 


A 


17.40 




17.65 


0.685 




0.694 


B 


16.51 




16.65 


0.650 




0.655 


C 


3.65 




370 


0.143 




0.145 


C1 














D 


4.20 




4.57 


0.165 




0.179 


d1 


2.59 




2.74 


0.101 




0.107 


d2 




0.68 






0.026 




E 


14.99 




16.00 


0.590 




0.629 


e 




1.27 






0.050 




e3 




12.70 






0.500 




e4 






1.98 






0.077 


F 




0.46 






0.018 




F1 




0.71 






0.027 




G 






0.101 






0.004 


M 




1.16 






0.045 




M1 




1.14 






0.044 




01 




1.57 
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ORDER CODES 



P = CERAMIC DIP 






N = PLASTIC DIP 


Q = PLCC 




08 = 8mHz 






10 = 10mHz 
12 = 12mHz 






00 = 0° to + 70°C 






10 = -40°to + 85°C 










11 =-55°to + 125°C 
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HCMOS MULTI FUNCTION PERIPHERAL 



The TS68HC901 multi-function peripheral (CMFP) 
is a member of the 68000 Family of peripherals and 
the CMOS version of the MK68901 . The CMFP di- 
rectly interfaces to the 68000 processor via an asyn- 
chronous bus structure and can also support both 
multiplexed and non multiplexed buses. Both vec- 
tored, non vectored and polled interrupt schemes 
are supported, with the CMFP providing unique vec- 
tor number generation for each of its 16 interrupt 
sources. Additionally, handshake lines are provided 
to facilitate DMAC interfacing. 

The TS68HC901 performs many of the functions 
common to most microprocessor-based systems. 
The resources available to the user include : 

■ Eight Individually Programmable I/O Pins with In- 
terrupt Capability 

■ 16-Source Interrupt Controller with Individual 
Source Enabling and Masking 

■ Four Timers, Two of which are Multi-Mode Ti- 
mers 

■ Timers may be used as Baud Rate Generators 
for the Serial Channel 

■ Single-Channel Full-Duplex Universal Synchro- 
nous / Asynchronous Receiver-Transmitter 
(USART) that Supports Asynchronous and with 
the Addition of a Polynominal Generator Checker 
Supports Byte Synchronous Formats. 

By incorporating multiple functions within the CMFP, 
the system designer retains flexibility while minimi- 
zing device' count. 

The CMOS technology used for the TS68HC901 re- 
duces also the power consumption of the system. 



PRELIMINARY INFORMATION 




(Plastic Package) 



FN 

(PLCC52) 



PIN CONNECTIONS 



R/W[ 
RS1[ 
RS2[ 
RS3[ 
RS4 [ 
RS5[ 
TC[ 
SO[ 
SI[ 
RC[ 

vcct 

MPX [ 

TAO[ 

TBOC 

TCO[ 

TDO[ 

XTAL1 [ 

XTAL2 [ 

TAIC 

TBI[ 

RESET [ 

10 [ 

I1[ 

12 [ 



TS68HC901 



3 5 

]DS 

3DTACK 

]IACK 

]D7 
43]D6 
42 ]D5 
41 ]D4 
40 )D3 

]D2 

JD1 
37 ]D0 
36 3 GND 
35 ] CLK 
34 ]IH 
33 ]lEO 
32 ]IRQ 
31 ]RR 
30]TR 
29 )17 
28 
27 
26 
25 



316 
315 
314 
313 



January 1989 



1/45 



481 



TS68HC901 



SECTION 1 



INTRODUCTION 

The TS68HC901 multi-function peripheral (CMFP) 
is a member of the 68000 peripherals. The CMFP 
directly interfaces to the 68000 processor via an 
asynchronous bus structure. Both vectored and pol- 
led interrupt schemes are supported, with the CMFP 
providing unique vector number generation for each 
of its 16 interrupt sources. Additionally, handshake 
lines are provided to facilitate DMAC interfacing. Re- 
fer to block diagram of the TS68HC901 . 

The TS68HC901 performs many of the functions 
common to most microprocessor-based systems. 

The resources available to the user include : 
■ Eight Individually Programmable I/O Pins with In- 
terrupt Capability 

Figure 1.1 : Block Diagram. 



■ 16-Source Interrupt Controller with Individual 
Source Enabling and Masking 

■ Four Timers, Two of which are Multi-Mode Ti- 
mers 

■ Timers May Be Used as Baud Rate Generators 
for the Serial Channel 

■ Single-Channel Full-Duplex Universal Syn- 
chronous / Asynchronous Receiver-Transmitter 
(USART) that Supports Asynchronous and with 
the Addition of a Polynomial Generator Checker 
Supports Byte Synchronous Formats 

By incorporating multiple functions within the CMFP, 
the system designer retains flexibility while minimi- 
zing device count. 

From a programmer's point of view, the versatility of 
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the CMFP may be attributed to its register set. The 
registers are well organized and allow the CMFP to 
be easily tailored to a variety of applications. All of 



the 24 registers are also directly addressable which 
simplifies programming. The register map is shown 
in table 1.1. 



Table 1.1 : CMFP Register Map. 








Address 


Abbreviation 


Register Name 


Hex 


Binary 


RS5 


RS4 


RS3 


RS2 


RS1 


01 

















GPIP 


General Purpose I/O Register 


03 














1 


AER 


Active Edge Register 


05 











1 





DDR 


Data Direction Register 


07 











1 


1 


. ERA 


Interrupt Enable Register A 


09 








1 








IERB 


Interrupt Enable Register B 


0B 








1 





1 


IPRA 


Interrupt Pending Register A 


0D 








1 


1 





IPRB 


Interrupt Pending Register B 


OF 








1 


1 


1 


ISRA 


Interrupt In-service Register A 


11 
















ISRB 


Interrupt In-service Register B 


13 













1 


IMRA 


Interrupt Mask Register A 


15 










1 





IMRB 


Interrput Mask Register B 


17 










1 


1 


VR 


Vector Register 


19 







1 








TACR 


Timer A Control Register 


1B 







1 





1 


TBCR 


Timer B Control Register 


1D 







1 


1 





TCDCR 


Timers C And D Control Register 


1F 







1 


1 


1 


TADR 


Timer A Data Register 


21 
















TBDR 


Timer B Data Register 


23 













1 


TCDR 


Timer C Data Register 


25 










1 





TDDR 


Timer D Data Register 


27 










1 


1 


SCR 


Synchronous Character Register 


29 







1 








UCR 


USART Control Register 


2B 







1 





1 


RSR 


Receiver Status Register 


2D 







1 


1 





TSR 


Transmitter Status Register 


2F 







1 


1 


1 


UDR 


USART Data Register 



Note : Hex addresses assume that RS1 connects with A1 , RS2 connects with A2, etc... and that DS is connected to LDS on the 68000 
or DS is connected to DS on the 68008. 
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SECTION 2 



SIGNAL AND BUS OPERATION 
DESCRIPTION 

This section contains a brief description of the input 
and output signals. A discussion of bus operation 
during the various operations is also presented. 

Note : The terms assertion and negation will be 
used extensively. This is done to avoid 
confusion when dealing with a mixture of 
"active low" and "active high" signals. The 
term assert or assertion is used to indicate 
that a signal is active or true, independent 
of whether that level is represented by a high 
or low voltage. The term negate or negation 
is used to indicate that a signal is inactive or 
false. 

2.1. SIGNAL DESCRIPTION 

The input and output signals can be functionally or- 
ganized into the groups shown in figure 2.1 . The fol- 
lowing paragraphs provide a brief description of the 
signal and a reference (if applicable) to other sec- 
tions that contain more detail about its function. 

2.1 .1. Vcc AND GND. These inputs supply power 
to the CMFP. The Vcc is power at + 5 volts and GND 
is the ground connection. 

Figure 2-1 : Input and Output Signals. 



2.1.2. CLOCK (CLK). The clock input is a single- 
phase TTL-compatible signal used for internal ti- 
ming. This input should not be gated off at any time 
and must conform to minimum and maximum pulse 
width times. The clock is not necessarily the system 
clock in frequency nor phase. When the bus is mul- 
tiplexed (MPX = 1), an address strobe signal is 
connected to this pin. In the non multiplexed mode 
(MPX = 0), this input is connected to the system 
clock when used with a 68000 processor type or to 
Vss (0 Vdc) when used with a 6800 processor type. 

2.1.3. ASYNCHRONOUS BUS CONTROL. Asyn- 
chronous data transfers are controlled by chip se- 
lect, data strobe, read/write, and data transfer ac- 
knowledge. The low order register select lines, RS1 - 
RS5, select an internal CMFP register for a read or 
write operation. The reset line initializes the CMFP 
registers and the internal control signals. 

2.1.3.1. Chip Select (CS). 

This input activates the CMFP for internal register 
access. 

2.1.3.2. Data Strobe (DS). 

This input is part of the internal chip select and in- 
terrupt acknowledge functions. The CMFP must be 
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located on the lower portion of the 1 6-bit data bus 
so that the vector number passed to the processor 
during an interrupt acknowledge cycle will be lo ca- 
ted in the low byte of the data word. As a result, DS 
must be connected to the processor's lower data 
strobe if vectored interrupts are to be used. Note that 
this forces all registers to be located at odd ad- 
dresses and latches data on the rising edge for 
writes. This signal is used as RD with an Intel pro- 
cessor type. 

2.1.3.3. Read/Write (R/W). 

This input defines a data transfer as a readihjgh) or 
a write (low) cycle. This signal is used as WR with 
an Intel processor type. 

2.1 .3.4. Data Transfer Acknowledge (DTACK). 

This output signals the completion of the operation 
phase of a bus cycle to the processor. If the bus cy- 
cle is a processor read, the CMFP asserts DTACK 
to indicate that the information on the data bus is va- 
lid. If th e bus cycle is a processor to the CMFP, 
DTACK ackno wledges the acceptance of the data 
by the CMFP. DTAC K will be asserted only by an 
CMFP that has CS or IACK (and IEI) asserted. This 
signal is not used with a 6800 processor type. 

2.1 .3.5. Register Select Bus (RS1 Through RS5). 

The lower five bits if the register select bus select an 
internal CMFP register during a read or write ope- 
ration. 

2.1 .3.6. Data Bus (DO Through D7). 

This bidirectional bus is used to receive data from 
or transmit data to the CMFP's internal registers du- 
ring a processor read or write cycle. During an inter- 
rupt acknowledge cycle, the data bus is used to pass 
a vector number to the processor. Since the CMFP 
is an 8-bit peripheral, the CMFP could be located on 
either the upper or lower portion of the 1 6-bit data 
bus (even or odd address). However, during an in- 
terrupt acknowledge cycle, the vector number pas- 
sed to the processor must be located in the low byte 
of the data word. As a result, D0-D7 of the CMFP 
must be connected to the low order eight bits of the 
processor data bus, placing CMFP registers at odd 
addresses if vectored interrupts are to be used. 

2.1.3.7. Reset (RESET). 

This input will initialize the CMFP during power up 
or in response to a total system reset. Refer to 2.2.3. 
for further information. 

2.1.3.8. MPX. 

This input selects the data bus mode : 

MPX = : non multiplexed mode 

MPX = 1 : multiplexed mode. The register select 

lines RS1-RS5 and the data bus D0-D7 are multi- 



plexed. An address strobe must be connected to the 
CLK pin. 

2.1.4. INTERRUPT CONTROL. The interrupt re- 
quest and interrupt acknowledge signals are hand- 
shake lines for a vectored interrupt scheme. 
Interrupt enable in and the interrupt enable out im- 
plement a daisy-chained interrupt structure. 

2.1 .4.1 . Interrupt Request (IRQ). 

This output signals the processor that an interrupt 
is pending from the CMFP. These are 16 interrupt 
channels that can generate an interrupt request. 
Clearing the interrupt pending registers (IPRA and 
IPRB) or clearing the interrupt mask registers iMz 
RA and IMRB) will cause IRQ to be negated. IRQ 
will also be negated as the result of an interrupt ac- 
knowledge cycle, unless additional interrupts are 
pending in the CMFP. Refer to SECTION 3 for fur- 
ther information. 

2.1 .4.2. Interrupt Acknowledge (IACK). 

If both IRQ and IEI are active, the C MFP w ill begin 
an interrupt acknowledge cycle when IACK and DS 
are asserted. The CMFP will supply a unique vec- 
tor number to the processor which corresponds to 
the interrupt handler for the particular channel requi- 
ring interrupt service. In a daisy-chained interrupt 
struc ture, a ll devices in the chain must have a com- 
mon IACK. Refer to 2.2.2. and 3.1.2. for additional 
information. 

2.1.4.3. Interrupt Enable In (ill). 

This input, together with the IEO signal, provides a 
daisy-chained interrupt structure for a vectored in- 
terrupt scheme. IEI indicates that no higher priority 
device is requesting interrupt service. So, the hi- 
ghest priority device in the chain should have its IEI 
pin tied low. During an interrupt acknowledge cycle, 
an CMFP with a pending interrupt is not allowed to 
pass a vector number to the processor until its IEI 
pin is asserted. When the daisy-chain optionjs not 
implemented, all CMFPs should have their IEI pin 
tied low. Refer to 3.2. for additional information. 

2.1.4.4. Interrupt Enable Out (IEO). 

This output, together with the IEI signal, provides a 
daisy-chained interrupt structure for a vectored in- 
terrupt scheme. The IEO of a particular CMFP si- 
gnals lower priority devices that neither the CMFP 
nor any other higher-priority device is requesting in- 
terrupt service. When a daisy-chain is implemented, 
IEO is tied to the next lower priority device's IEI in- 
put, the lowest priority device's IEO is not connec- 
ted. When Jhe daisy-chain option is not 
implemented, IEO is not connected. Refer to 3.2 for 
additional information. 
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2.1.5. GENERAL PURPOSE I/O INTERRUPT 
LINES (10 THROUGH 17). This is an 8-bit pin-pro- 
grammable I/O port with interrupt capability. The da- 
ta direction register (DDR) individually defines each 
line as either a high-impedance input or a TTL-com- 
patible output. As an input, each line can generate 
an interrupt on the user selected transition of the in- 
put signal. Refer to SECTION 4 for further informa- 
tion. 

2.1 .6. TIMER CONTROL These lines provide inter- 
nal timing and auxiliary timer control inputs required 
for certain operating modes. Additionally, the timer 
outputs are included in this group. 

2.1 .6.1 . Timer Clock (XTAL1 AND XTAL2). 

This input provides the timing signal for the four ti- 
mers. A crystal can be connected between the timer 
clock inputs, XTAL1 and XTAL2, or XTAL2 can be 
driven with a CMOS-level clock while XTAL1 is 
grounded. The following crystal parameters are 
suggested : 

a) Parallel resonance, fundamental mode AT-cut 

b) Frequency tolerance measured with 18 picofa- 
rads load (0.1% accuracy) - drive level 10 micro- 
watts 

c) Shunt capacitance equals 7 picofarads maximum 

d) Series resistance : 
2.0<f<2.7MHz;Rs<300Q 
2.8<f<4.0MHz;Rs<150Q 

2.1 .6.2. Timer Inputs (TAI AND TBI). 

These inputs are control signals for timers A and B 
in the pulse width measurement mode and event 
count mode. These signals generate interrupts at 
the same priority level as the general purpose I/O 
interrupt lines 14 and 13, respectively. While 14 and 
13 do not have interrupt capability when the timers 
are operated in the pulse width measurement mode 
or the event count mode, 14 and 13 may still be used 
for I/O. Refer to 5.1.2 and 5.1.3 for further informa- 
tion. 

2.1.6.3. Timer Outputs (TAO, TBO, TCO, AND 
TDO). 

Each timer has an associated output which toggles 
when its main counter counts through 01 (hexade- 
cimal), regardless of which operational mode is se- 
lected. When in the delay mode, the timer output will 
be a square wave with a period equal to two timer 
cycles. This output signal may be used to supply the 



universal synchronous/asynchronous receiver- 
transmitter (USART) baud rate clocks. Timer out- 
puts TAO and TBO may be cleared at any time by 
writing a one to the reset location in timer control re- 
gisters A and B. Also, a device reset forces all timer 
outputs low. Refer to 5.2.2 for additional information. 

2.1 .7. SERIAL I/O CONTROL The full duplex serial 
channel is implemented by a serial input and output 
line. The independent receive and transmit sections 
may be clocked by separate timing signals on the 
receiver clock input and the transmitter clock input. 

2.1.7.1. Serial Input (SI). 

This input line is the USART receiver data input. This 
input is not used in the USART loopback mode. Re- 
fer to 6.3.2 for additional information. 

2.1.7.2. Serial Output (SO). 

This output line is the USART transmitter data out- 
put. This output is driven high during a device reset. 

2.1 .7.3. Receiver Clock (RC). 

This input controls the serial bit rate of the receiver. 
This signal may be supplied by the timer output lines 
or by any external TTL-level clock which meets the 
minimum and maximum cycle times. This clock is 
not used in the USART loopback mode. Refer to 
6.3.2 for additional information. 

2.1 .7.4. Transmitter Clock (TC). 

This input controls the serial bit rate of the transmit- 
ter. This signal may be supplied by the timer output 
lines or by an external TTL-level clock which meets 
the minimum and maximum cycle times. 

2.1 .8. DMA CONTROL. The USART supports DMA 
transfers through its receiver ready and transmitter 
ready status lines. 

2.1 .8.1 . Receiver Ready (RR). 

This output reflects the receiver buffer full status for 
DMA operations. 

2.1 .8.2. Transmitter Ready (TR). 

This output reflects the transmitter buffer empty sta- 
tus for DMA operations. 

2.1 .9. SIGNAL SUMMARY. Table 2.1 is a summa- 
ry of all the signals discussed in the previous para- 
graphs. 
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Table 2.1 : Signal Summary. 


Signal Name 


Mnemonic 


I/O 


Active 


Power Input 


Vcc 


Input 


High 


Ground 


GND 


Input 


Low 


Clock 


CLK 


Input 


N/A 


Chip Select 


CS 


Input 


Low 


Data Strobe 


DS 


Input 


Low 


Read/Write 


R/W 


Input 


Read-high, Write-low 


Data Transfer Acknowledge 


DTACK 


Output 


Low 


Register Select Bus 


RS1-RS5 


Input 


N/A 


Data Bus 


D0-D7 


I/O 


N/A 


Reset 


RESET 


Input 


Low 


Interrupt Request 


IRQ 


Output 


Low 


Interrupt Acknowledge 


IACK 


Input 


Low 


Interrupt Enable In 


IB 


Input 


Low 


Interrupt Enable Out 


Ieo 


Output 


Low 


General Purpose I/O - Interrupt Lines 


I0-I7 


I/O 


N/A 


Timer Clock 


XTAL1.XTAL2 


Input 


High 


Timer Inputs 


TAI, TBI 


Input 


N/A 


Timer Outputs 


TAO, TBO, TCO, TDO 


Output 


N/A 


Serial Input 


SI 


Input 


N/A 


Serial Output 


SO 


Output 


N/A 


Receiver Clock 


RC 


Input 


N/A 


Transmitter Clock 


TC 


Input 


N/A 


Receiver Ready 


RR 


Output 


Low 


Transmitter Ready 


TR 


Output 


Low 


MPX 


MPX 


Input 


N/A 



2.2. BUS OPERATION 

The following paragraphs explain the control signals 
and bus operation during data transfer operations 
and reset, 

2.2.1. DATA TRANSFER OPERATIONS. Transfer 
of data between devices involves the following pins : 

Register Select Bus - RS1 through RS5 

Data Bus - DO through D7 

Control Signals 
The address and data buses are separate parallel 
buses used to transfer data using an asynchronous 
bus structure. In all cycles, the bus master assumes 
responsibility for deskewing all signals it issues at 
both the start and end of a cycle. Additionally, the 
bus master is responsible for deskewing the ac- 
knowledge and data signals from the peripheral de- 
vices. 



2.2.1.1. Read Cycle. 

To read an CMFP register, CS and DS must be as- 
serted, and R/W must be high. The CMFP will place 
the contents of the register which is selected by the 
register select bus (RS1 through RS5 ) on the data 
bus (DO through D7) and then assert DTACK. The 
register addresses are shown in table 1.1. 

After the processor has latched the data, DS is ne- 
gated. The negation of either CS or DS will termi- 
nate th e read operation. The CMFP will drive 
DTACK high and place it in the high-impedance 
state. Also, the data bus will be in the high-impe- 
dance state. The timing for a read cycle is shown in 
figure 2.2. Refer to 7.7 for actual timing numbers. 
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Figure 2.2 : Read Cycle Timing. 




2.2.1.2. Write Cycle : _ 

To write_a register, CS and DS must be asserted, 
and R/W must be low. The CMFP will decode the 
address bus to determine which register is selected 
(the register map is shown in table 1.1). Then the 
register will be lo aded with the contents of the data 
bus and DTACK will be asserted. 

Figure 2.3 : Write Cycle Timing. 



When the processor recognizes DTACK, DS will be 
negated. The write cycle is terminated wh en either 
CS or DS is negated. The CMFP will drive DTACK 
high and place it in the high-impedance state. The 
timing for a write cycle is shown in figure 2.3. Refer 
to 7.7 for actual numbers. 
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2.2.2. INTERRUPT ACKNOWLEDGE OPERA- 
TION. The CMFP has 1 6 interrupt sources, eight in- 
ternal sources, and eight external sources. When an 
interrupt request is pending, the CMFP will assert 
IRQ. In a vectored interrupt scheme, the processor 
will acknowledge the interrupt requ est by perfor- 
ming an interrupt acknowledge cycle. IACK a nd DS 
will be asserted. The CMFP responds to the IACK 
signal by placing a vector number on the lower eight 
bits of the d ata bus. This vector number corres- 
ponds to the IRQ handler for the particular interrupt 
requesting service. The format of this vector num- 
ber is given in figure 3.1. 



When the CMFP asserts DTACK to indicate that va- 
lid data is on the bus, the processor will latch the da- 
ta and terminate the b us cycle by negating DS. 
When either DS or IACK are negated, the CMFP will 
termin ate the i nterrupt acknowledge operation by 
driving DTACK high and placing it in the high-impe- 
dance state. Also, the data bus will be placed in the 
high-imped ance state. IRQ will be negated as a re- 
sult of the IACK cycle unless additional interrupts 
are pending. 

The CMFP can be part of a daisy-chain interrupt 



structure which allows multiple CMFPs to be placed 
at the same interrupt level by sharing a common 
IACK signal. A daisy-chain p riority sch eme is imple- 
mented with signals IEI and IEO. IEI indicates that 
no hi gher priority device is requesting interrupt ser- 
vice. IEO signals lower priority devices that neither 
this device nor any higher priority device is reques- 
ting service. To daisy^hain CMFPs, the highest 
priority CMFP hasjts IEI tied low and successive 
CMFPs have their IEI connected to the next higher 
priority device's IEO. Note that when the daisy^chain 
interrupt structure is not implemented, the IEI of all 
CMFPs must be tied low. Refer to 3.2 for additional 
information. 

When the processor ini tiates an interrupt acknow- 
ledge cycle by driving IACK and DS, the CMFP 
whose IEI is low may respond with a vector number 
if an interrupt is pendingjf this device does not have 
a pending interrupt, IEO is asserted which allows 
the next lower priority device to respond to the inter- 
rupt acknowledge. When an CM FP prop agates 
IEO, it will not drive the data bus nor DTACK during 
the in terrupt acknowledge cycle. The timing for an 
IACK cycle is shown in figure 2.4. Refer to 7.6 for 
further information. 



Figure 2.4 : 


IACK Cycle Timing. 
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2.2.3. RESET OPERATION. The reset operation 
will initialize the CMFP to a known state. The reset 
operation requires that the RESET input be asser- 
ted for a minimum of two microseconds. During a 
device reset condition, all internal CMFP registers 
are cleared except for the timer data registers 
(TADR, TBDR, TCDR, and TDDR), the USART da- 
ta register (UDR), the transmitter status register 
(TSR) and the interrupt vector register. All timers are 
stopped and the USART receiver and transmitter 
are disabled. The interrupt channels are also disa- 
bled and any pending interrupts are cleared. In ad- 
dition, the general purpose interrupt I/O lines are 
placed in the high-impedance input mode and the 
timer outputs are driven low. External CMFP signals 
are negated. The interrupt vector register is initiali- 
zed to a $0F. 



2.2.4. NON MULTIPLEXED MODE. In this mode 
the MPX input must be set to zero, and the 
TS68HC901 can be used with a 68000 processor 
type or a 6800 processor type. Refer to figure 7.4, 
7.5, 7.8 for the electrical characteristics. 

With a 6800 processor type the DS pin is conne c- 
ted to the E signal of the processor, the DTACK si- 
gnal is not used and the CLK must be zeroed. 

2.2.5. MULTIPLEXED MODE. The CMFP can be 
used either on a MOTOROLA or INTEL bus type. In 
this case the MPX pin is connected to Vcc. The fol- 
lowing table gives the signification of the different si- 
gnals used. A dummy access to the TS68HC901 
has to be done before any valid access in order to 
set up the internal logic of sampling. 



Pin 


MOTOROLA 


MOTOROLA 


INTEL 




6800 Type 


Multiplexed 




48 


CS 


CS 


CS 


47 


E 


DS 


RD 


1 


R/W 


R/W 


WR 


35 


Vss 


AS 


ALE 
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SECTION 3 

INTERRUPT STRUCTURE 

In a 68000 system, the CMFP will be assigned to 
one of the seven possible interrupt levels. All inter- 
rupt service requests from the CMFP's 16 interrupt 
channels will be presented at this level. Although, 
as an interrupt controller, the CMFP will internally 
prioritize its 1 6 interrupt sources. Additional interrupt 
sources may be placed at the same interrupt level 
by daisy-chaining multiple CMFPs. The CMFPs will 
be prioritized by their position in the chain. 

3.1 . INTERRUPT PROCESSING 

Each CMFP provides individual interrupt capability 
for its various functions. When an interrupt is recei- 
ved on one of the external interrupt channels or from 
one of the eight internal sources, the CMFP will re- 
quest interrupt service. The 16 interrupt channels 
are assigned a fixed priority so that multiple pending 
interrupts are serviced according to their relative im- 
portance. Since the CMFP can internally generate 
1 6 vector numbers, the unique vector number which 
corresponds to the highest priority channel that has 
a pending interrupt is presented to the processor du- 
ring an interrupt acknowledge cycle. This unique 

Table 3.1 : Interrupt Channel Prioritization. 



vector number allows the processor to immediately 
begin execution of the interrupt handler for the inter- 
rupting source, decreasing interrupt latency time. 

3.1.1. INTERRUPT CHANNEL PRIORITIZATION. 
The 16 interrupt channels are prioritized as shown 
in table 3.1 . General purpose interrupt 7 (17) is the 
highest priority interrupt channel and 10 is the lowest 
priority channel. Pending interrupts are presented 
to the CPU in order of priority unless they have been 
masked off. By selectively masking interrupts, the 
channels are in effect re-prioritized. 

3.1.2. INTERRUPT VECTOR NUMBER FORMAT. 
During an interrupt acknowledge cycle, a unique 8- 
bit vector number is presented to the system which 
corresponds to the specific interrupt source which is 
requesting service. The format of the vector is 
shown in figure 3.1 . The most significant four bits of 
the interrupt vector number are user programmable. 
These bits are set by writing the upper four bits of 
the vector register which is shown in figure 3-2. The 
low order bits are generated internally by the 
TS68HC901. Note that the binary channel number 
shown in table 3.1 corresponds to the low order bits 
of the vector number associated with each channel. 



Priority 


Channel 


Description 


Highest 


1111 


General Purpose Interrupt 7 (17) 




1110 


General Purpose Interrupt 6 (16) 




1101 


Timer A 




1100 


Receiver Buffer Full 




1011 


Receive Error 




1010 


Transmitt Buffer Empty 




1001 


Transmit Error 




1000 


Timer B 




0111 


General Purpose Interrupt 5 (15) 




0110 


General Purpose Interrupt 4 (14) 




0101 


Timer C 




0100 


Timer D 




0011 


General Purpose Interrupt 3 (13) 




0010 


General Purpose Interrupt 2 (12) 




0001 


General Purpose Interrupt 1 (11) 


Lowest 


0000 


General Purpose Interrupt (10) 
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Figure 3.1 : Interrupt Vector Format. 



7 


6 




5 




4 


3 


2 


1 





I V7 


V6 


l 


V5 


| 


V4 


I IV3 I 


IV2 


«V1 


IVO | 



V7-V4 The four most significant bits are copied from the vector register 

IV3-IV0 These bits are supplied by the CMFP. They are the binary channel number of the highest priority channel that is 
requesting interrupt service. 



Figure 3.2 : Vector Register Format (VR). 



Address 17 

(Hex) 



7 




6 


5 


4 


3 


2 


1 







1 W 


1 


V6 | 


V5 | 


V4 | 


s 1 


* 


• 


I 


• I 



"Unused bits are read as zero. 



The upper four bits of the vector register are written by the user. These bits become the most significant four bits of the 
interrupt vector number. 

SET a) MPU writes a one 

CLEARED a) MPU writes a zero 
b) Reset 

In-Service Register Enable. When the S bit is zero, the CMFP is in the automatic end-of-interrupt mode and the in- 
service register bits are forced low. When the S bit is a one, the CMFP is in the software end-of-interrupt mode and 
the in-Service register bits are enabled. Refer to 3.4.2 and 3.4.3 for additional information. 
SET a) MPU writes a one 

CLEARED a) MPU writes a zero 

b) Reset 



3.2. DAISY-CHAINING CMFPs 

As an interrupt controller, the TS68HC901 CMFP 
will support eight external interrupt/sources in addi- 
tion to its eight internal interrupt sources. When a 
system requires more than eight external interrupt 
sources to be placed at the same interrupt level, 
sources may be added to the prioritized structure by 
daisy-chaining CMFPs. Interrupt sources are priori- 
tized internally within each CMFP and the CMFPs 
are prioritized by their position in the chain. Unique 

Figure 3.3 : Daisy-Chained Interrupt Structure. 



vector numbers are provided for each interrupt 
source. 

The I El and IEO signals implement the daisy-chai- 
ned interrupt structure. The I El of the highest priori- 
ty CMFP is tied low and the IEO output of this device 
jsjied t o the next highest priority CMFP's IEI. The 
I El and IEO signals are daisy-chained in this man- 
ner for all C MFP s in the chain, with the lowest prio- 
rity CMFP's IEO left unconnected. A diagram of an 
interrupt daisy-chain is shown in figure 3.3. . 





Highest 
Priority 








Lowest 
Priority 






TS68HC901 

IEI IEO 

IACK 




TS68HC901 

ie IEO 
IACK 





TS68HC901 
IEI 

IACK 
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IACK 
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Daisy-chaining r equire s that all parts in t he cha in 
have a common IACK. When the common IACK is 
asserted during an interrupt acknowledge cycle, all 
parts will prioritize interrupts in parallel. When the 
IEI signal t o a CM FP is asserted, the part may res- 
pond to the IACK cycle if it requires interrupt service. 
Otherwise, the part will assert IEO to the next lower 
priority device. Thus, priority is passed down the 
chain via IEI and IEO until a part which has a pen- 
ding interrupt is reached. The part with the pending 
interrupt passes a vector number to the processor 
and does not propagate IEO. 

3.3. INTERRUPT CONTROL REGISTERS 

CMFP interrupt processing is managed by the inter- 
rupt enable registers A and B, interrupt pending re- 
gisters A and B, and interrupt mask registers A and 
B. These registers allow the programmer to enable 
or disable individual interrupt channels, mask indi- 
vidual interrupt channels, and access pending inter- 
rupt status information. In-service registers A and B 
allow interrupts to be nested as described in 3.4. 
The interrupt control registers are shown in fi- 
gure 3.4. 

Figure 3.4 : Interrupt Control Registers. 



3.3.1 . INTERRUPT ENABLE REGISTERS. The in- 
terrupt channels are individually enabled or disabled 
by writing a one or zero, respectively, to the appro- 
priate bit of interrupt enable register A (IERA) or in- 
terrupt enable register B (IERB). The processor may 
read these registers at any time. 

When a channel is enabled, interrupts received on 
the channel will be recognized by the CMFP and 
IRQ will be asserted to the processor, indicating that 
interrupt service is required. On the other hand, a 
disabled channel is completely inactive ; interrupts 
received on the channel are ignored by the CMFP. 

Writing a zero to a bit of interrupt enable register A 
or B will cause the corresponding bit of interrupt pen- 
ding register A or B to be cleared. This will terminate 
all interrupt service requests for the channel and al- 
so negate IRQ, unless interrupts are pending from 
other sources. Disabling a channel, however, does 
not affect the corresponding bit in interrupt in-ser- 
vice registers A or B. So, if the CMFP is in the soft- 
ware end-of-interrupt mode (see 3.4.3) and an 
interrupt is in service when a channel is disabled, 
the in-service status bit for that channel will remain 
set until cleared by software. 



(a) Interrupt Enable Registers (IERA and IERB). 





7 


6 


5 


4 


3 


2 


1 





Address 07 
(Hex) 


GPIP7 


GPIP6 


Timer 
A 


RCV 

Buffer 

Full 


RCV 
Error 


XMIT 
Buffer 
Empty 


XMIT 
Error 


Timer 
B 




7 


6 


5 


4 


3 


2 


1 





Address 09 
(Hex) 


GPIP5 


GPJP4 


Timer 
C 


Timer 
D 


GPIP3 


GPIP2 


GPIP1 


GPIPO 



When a bit is a zero, the associated interrupt channel is disabled. When a bit is a one, the associated interrupt channel is enabled. 
SET a) MPU writes a one 

CLEARED a) MPU writes a zero 

b) Reset 
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Figure 3.4 : Interrupt Control Registers (continued). 



(b) Interrupt Pending Registers (IPRA and IPRB). 





7 


6 


5 


4 


3 


2 


1 





Address OB 
(Hex) 


GPIP7 


GPIP6 


Timer 
A 


RCV 
Buffer 

Full 


RCV 
Error 


XMIT 
Buffer 
Empty 


XMIT 
Error 


Timer 
B 




7 


6 


5 


4 


3 


2 


1 





Address OD 
(Hex) 


GPIP5 


GPIP4 


Timer 
C 


Timer 
D 


GPIP3 


GPIP2 


GPIP1 


GPIPO 



When a bit is a zero, no interrupt is pending on the associated interrupt channel. When a bit is a one, an interrupt is pending on the as- 
sociated interrupt channel. 

SET a) Interrupt is received on an enabled interrupt channel 

CLEARED a) Interrupt vector for the associated interrupt channel is passed during an IACK cycle 

b) Associated interrupt channel is disabled 

c) MPU writes a zero 

d) Reset 

(c) Interrupt In-Service Registers (ISRAand ISRB). 





7 


6 


5 


4 


3 


2 


1 





Address OF 
(Hex) 


GPIP7 


GPIP6 


Timer 
A 


RCV 

Buffer 

Full 


RCV 
Error 


XMIT 
Buffer 
Empty 


XMIT 
Error 


Timer 
B 




7 


6 


5 


4 


3 


2 


1 





Address 1 1 
(Hex) 


GPIP5 


GPIP4 


Timer 
C 


Timer 
D 


GPIP3 


GPIP2 


GPIP1 


GPIPO 



When a bit is a zero, no interrupt processing is in progress for the associated interrupt channel. When a bit is a one, interrupt proces- 
sing is in progress for the associated interrupt channel. 



SET 



a) Interrupt vector number for the associated interrupt channel is passed during an IACK cycle and 
the S bit of the vector register is set. 

a) Interrupt service is completed for the associated interrupt channel 

b) The S bit of the vector register is a zero 

c) MPU writes a zero 

d) Reset 



(d) Interrupt Mask Registers (IMRA and IMRB). 
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2 


1 





Address 13 
(Hex) 


GPIP7 


GPIP6 


Timer 
A 


RCV 

Buffer 

Full 


RCV 
Error 


XMIT 
Buffer 
Empty 


XMIT 
Error 


Timer 
B 




7 


6 


5 


4 


3 


2 


1 





Address 15 
(Hex) 


GPIP5 


GPIP4 


Timer 
C 


Timer 
D 


GPIP3 


GPIP2 


GPIP1 


GPIPO 



When a bit is zero, interrupts are masked for the associated interrupt channel. When a bit is a one, interrupts are not masked for the 
associated interrupt channel. 

SET a) MPU writes a one 

CLEARED a) MPU writes a zero 

b) Reset 



3.3.2. INTERRUPT PENDING REGISTERS. When 
an interrupt is received on an enabled channel, the 
corresponding interrupt pending bit is set in interrupt 



pending register A or B (IPRA or IPRB). In a vecto- 
red interrupt scheme, this bit will be cleared when 
the processor acknowledges the interrupting chan- 
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nel and the CMFP responds with a vector number. 
In a polled interrupt system, the interrupt pending 
registers must be read to determine the interrupting 
channel and then the Interrupting pending bit is clea- 
red by the interrupt handling routine without perfor- 
ming an interrupt acknowledge sequence. 

A single bit of the interrupt pending registers is clea- 
red in software by writing ones to all bit positions ex- 
cept the bit to be cleared. Note that writing ones to 
IPRA and IPRB has no effect on the contents of the 
register. A single bit of the interrupt pending regis- 
ters is also cleared when the corresponding chan- 
nel is disabled by writing a zero to the appropriate 
bitoflERAorlERB. 

3.3.3. INTERRUPT MASK REGISTERS. Interrupts 
are masked for a channel by clearing the appro- 
priate bit in interrupt mask register A or B (IMRA or 
IMRB). Even though an enabled channel is masked, 
the channel will recognize subsequent interrupts 
and set its interrupt pending bit. However, the chan- 
nel is prevented from requesting interrupt service 
(IRQ to the processor) as long as the mask bit for 
that channel is cleared. 

If a channel is requesting interrupt service at the time 
that its corresponding bit in IM RA o r IMRB is clea- 
red, the request will cease and IRQ will be negated, 
unless another channel is requesting interrupt ser- 
vice. Later, when the mask bit is set, any pending 
interrupt on the channel will be processed according 
to the channel's assigned priority. IMRA and IMRB 
may be read at any time. 

3.4. NESTING CMFP INTERRUPTS 

In a 68000 vectored interrupt system, the CMFP is 
assigned to one of seven possible interrupt levels. 
When an interrupt is received from the CMFP, an 
interrupt acknowledge for that level is initiated. Once 
an interrupt is recognized at a particular level, inter- 
rupts at that same level or below are masked by 
68000. As long as the processor's interrupt mask is 
unchanged, the 68000 interrupt structure will prohi- 
bit the nesting of interrupts at the same interrupt le- 
vel. However, additional interrupt requests from the 
CMFP can be recognized before a previous chan- 
nel's interrupt service routine is completed by lowe- 
ring the processor's interrupt mask to the next lower 
interrupt level within the interrupt handler. 

When nesting CMFP interrupts, it may be desirable 
to permit interrupts on any CMFP channel, regar- 
dless of its priority, to preempt or delay interrupt pro- 
cessing of an earlier channel's interrupt service 
request. Or, it may be desirable to only allow sub- 
sequent higher priority channel interrupt requests to 



supercede previously recognized lower priority in- 
terrupt requests. The CMFP interrupt structure pro- 
vides this flexibility by offering two end-of-interrupt 
options for vectored interrupt schemes. Note that 
the end-of-interrupt modes are not active in a polled 
interrupt scheme. 

3.4.1. SELECTING THE END-OF-INTERRUPT 
MODE. In a vectored interrupt scheme, the CMFP 
may be programmed to operate in either the auto- 
matic end-of-interrupt mode or the software end-of- 
interrupt mode. The mode is selected by writing the 
S bit of the vector register (see figure 3.2). When the 
S bit is programmed to a one, the CMFP is placed 
in the software end-of-structure mode and when the 
S bit is a zero, all channels operate in the automa- 
tic end-of-interrupt mode. 

3.4.2. AUTOMATIC END-OF-INTERRUPT. When 
an interrupt vector number is passed to the proces- 
sor during an interrupt acknowledge cycle, the cor- 
responding channel's interrupt pending bit is 
cleared. In the automatic end-of-interrupt mode, no 
further history of the interrupt remains in the CMFP. 
The in-service bits of the interrupt in-service regis- 
ters (ISRA and ISRB) are forced low. Subsequent 
interrupts which are received on any CMFP chan- 
nel will generate an interrupt request to the proces- 
sor, even if the current interrupt's service routine has 
not been completed. 

3.4.3. SOFTWARE END-OF-INTERRUPT. In the 
software end-of-interrupt mode, the channel's asso- 
ciated interrupt pending bit is cleared and in addi- 
tion, the channel's in-service bit of in-service regis- 
ter A or B is set when its vecto r number is passed 
to the processor during an IACK cycle. A higher prio- 
rity channel may subsequently request interrupt ser- 
vice and be acknowledged, but as long as the chan- 
nel's in-service bit is set, no lower priority channel 
may request interrupt service nor pass its vector du- 
ring an interrupt acknowledge sequence. 

While only higher priority channels may request in- 
terrupt service, any channel can receive an interrupt 
and set its interrupt pending bit. Even the channel 
whose in-service bit is set can receive a second in- 
terrupt. However, no interrupt service request is 
made until its in-service bit is cleared. 

The in-service bit for a particular channel can be 
cleared by writing a zero to its corresponding bit in 
ISRA or ISRB and ones to all other bit positions. 
Since bits in the in-service registers can only be 
cleared in software and not set, writing ones to the 
registers does not alter their contents. ISRA and 
ISRB may be read at any time. 
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SECTION 4 



GENERAL PURPOSE INPUT/OUTPUT 
INTERRUPT PORT 

The general purpose interrupt input/output (I/O) port 
(GPIP) provides eight I/O lines (10 through 17) that 
may be operated as either inputs or outputs under 
software control. In addition, these lines may optio- 
nally generate an interrupt on either a positive tran- 
sition or a negative transition of the input signal. The 
flexibility of the GPIP allows it to be configured as 
an 8-bit I/O port or for bit I/O. Since interrupts are 
enabled on a bit-by-bit basis, a subset of the GPIP 
could be programmed as handshake lines or the 
port could be connected to as many as eight exter- 
nal interrupt sources, which would be prioritized by 
the CMFP interrupt controller for interrupt service. 

4.1 . 6800 INTERRUPT CONTROLLER 

The CMFP interrupt controller is particularly useful 
in a system which has many 6800-type devices. Ty- 
pically, in a vectored 68000 system, 6800-type pe- 
ripherals use the autovector which corresponds to 
their assigned interrupt level since they do no t pro- 
vide a vector number in response to an IACK cycle. 
The autovector interrupt handler must then poll all 
6800-type devices at that interrupt level to deter- 
mine which devi ce is requesting service. However, 
by tying the IRQ output from a 6800-type device to 
the general purpose I/O interrupt port (GPIP) of a 
CMFP, a unique vector number will be provided to 
the processor during an interrupt acknowledge cy- 
cle. This interrupt structure will significantly reduce 
interrupt latency for 6800-type devices and other pe- 

Figure 4.1 : GPIP Control Registers. 



ripheral devices which do not support vector-by-de- 
vice. 

4.2. GPIP CONTROL REGISTERS 

The GPIP is programmed via three control registers 
shown in figure 4.1 . These registers control the da- 
ta direction, provide user access to the port, and 
specify the active edge for each bit of the GPIP 
which will produce an interrupt. These registers are 
. described in detail in the following paragraphs. 

4.2.1. GPIP DATA REGISTER. The general pur- 
pose I/O data register is used to input or output da- 
ta to the port. When data is written to the GPIP da- 
ta register, those pins which are defined as inputs 
will remain in the high-impedance state. Pins which 
are defined as outputs will assume the state (high 
or low) of their corresponding bit in the data regis- 
ter. When the GPIP is read, data will be passed di- 
rectly from the bits of the data register for pins which 
are defined as outputs. Data from pins defined as 
inputs will come from the input buffers. 

4.2.2. ACTIVE EDGE REGISTER. The active edge 
register (AER) allows each of the GPIP lines to pro- 
duce an interrupt on either a one-to-zero or a zero- 
to-one transition. Writing a zero to the appropriate 
edge bit of the active edge register causes the as- 
sociated input to generate an interrupt on the one- 
to-zero transition. Writing a one to the edge bit will 
produce an interrupt on the zero-to-one transition of 
the corresponding GPIP line. 



(a) GPIP Data Register (GPIP). 

7 6 5 4 3 2 1 







Address 01 
(Hex) 


GPIP7 | GPIP6 


GPIP5 


GPIP4 [ GPIP3 | GPIP2 | GPIP1 | 


GPIPO 




SET 

(b) Active Edge Regi 


ste 


a) MPU writes a one 
r (AER) 

7 6 5 4 3 2 1 







Address la 
(Hex) 


GPIP7 


GPIP6 [ GPIP5 


GPIP4 


GPIP3 | GPIP2 


GPIP1 


GPIPO 




CLEARED 
When a bit is a zero, interr 
be generated on the rising 
SET 
CLEARED 


upt$ 
ed( 


a) MPU writes a zero 

i will be generated on the falling edge of the associated input signal. When a bit 
je of the associated input signal 

a) MPU writes a one 

a) MPU writes a zero 


is a one, in 


terrupts will 
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Figure 4.1 : GPIP Control Registers (continued). 



(c) Data Direction Register (DDR). 

7 6 5 4 3 2 10 


Address 05 
(Hex) 


GPIP7 | GPIP6 | GPIP5 ] GPIP4 | GPIP3 | GPIP2 | GPIP1 | GPIPO ] 


When a bit is a zero, the associated I/O line is defined to be an input. When a bit is a one, the associated I/O line is defined to be 
an output 

SET a) MPU writes a one 

CLEARED a) MPU writes a zero 
b) Reset 



Note : The transition detector is an exclusive-OR 
gate whose inputs are the edge bit and the 
input buffer. As a result, writing the AER may 
cause an interrupt-producing transition, de- 
pending upon the state of the input. So, the 
AER should be configured before enabling 
interrupts via the interrupt enable registers 
(IERA and IERB). Also, changing the edge 
bit while interrupts are enabled may cause 
an interrupt on the corresponding channel. 



4.2.3. DATA DIRECTION REGISTER. The data di- 
rection register (DDR) allows the programmer to de- 
fine 10 through 17 as inputs or outputs by writing the 
corresponding bit. When a bit of the data direction 
register is written as a zero, the corresponding in- 
terrupt I/O pin will be a high-impedance input. Wri- 
ting a one to any bit of the data direction register will 
cause the corresponding pin to be configured as a 
push-pull output. 
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SECTION 5 



TIMERS 

The CMFP contains four 8-bit timers which provide 
many functions typically required in microprocessor 
systems. The timers can supply the baud rate clocks 
for the on-chip serial I/O channel, generate periodic 
interrupts, measure elapsed time, and count signal 
transitions. In addition, two timers have waveform 
generation capability. 

All timers are prescaler/counter timers with a com- 
mon independent clock input (XTAL1 orXTAL2) and 
are not required to be operated from the system 
clock. Each timer's output signal toggles when the 
timer's main counter times out. Additionally, timers 
A and B have auxiliary control signals which are 
used in two of the operation modes. An interrupt 
channel is assigned to each timer and when the 
auxiliary control signals are used, a separate inter- 
rupt channel will respond to transitions on these in- 
puts. 

5.1. OPERATION MODES 

Timers A and B are full function timers which, in ad- 
dition to the delay mode, operate in the pulse width 
measurement mode and the event count mode. Ti- 
mers C and D are delay timers only. A brief discus- 
sion of each of the timer modes follows. 

5.1 .1 . DELAY MODE OPERATION. All timers may 
operate in the delay mode. In this mode, the pres- 
caler is always active. The prescaler specifies the 
number of timer clock cycles which must elapse be- 
fore a count pulse is applied to the main counter. A 
count pulse causes the main counter to decrement 
by one. When the timer has decremented down to 
01 (hexadecimal), the next count pulse will cause 
the main counter to be reloaded from the timer da- 
ta register and a time out pulse will be produced. 
This time out pulse is coupled to the timer's interrupt 



channel and, if the channel is enabled, an interrupt 
will occur. The time out pulse also causes the timer 
output pin to toggle. The output will remain in this 
new state until the next time out pulse occurs. 

For example, if delay mode with a divide-by-1 pres- 
caler is selected and the timer data register is loa- 
ded with 100 (decimal), the main counter will 
decrement once every 10 timer clock cycles. After 
1,000 timer clocks, a time out pulse will be produ- 
ced. This time out pulse will generate an interrupt if 
the channel is enabled (I ERA, IERB) and in addi- 
tion, the timer's output line will toggle. The output 
line will complete one full period every 2,000 cycles 
of the timer clock. 

If the prescaler vatue is changed while the timer is 
enabled, the first time out pulse will occur at an in- 
determinate time no less than one nor more than 
200 timer clock cycles. Subsequent time out pulses 
will then occur at the correct interval. 

If the main counter is loaded with 01 (hexadecimal), 
a time out pulse will occur every time the prescaler 
presents a count pulse to the main counter. If the 
main counter is loaded with 00, a time out pulse will 
occur every 256 count pulses. 

5.1.2. PULSE WIDTH MEASUREMENT OPERA- 
TION. Besides the delay mode, timers A and B may 
be programmed to operate in the pulse width mea- 
surement mode. In this mode an auxiliary control in- 
put is required ; timers A and B auxiliary input lines 
are TAI and TBI. Also, in the pulse width measure- 
ment mode, interrupt channels normally associated 
with 14 and 13 will respond to transitions on TAI and 
TBI, respectively. General purpose lines 13 and \4 
may still be used for I/O. A conceptual circuit of the 
timers in the pulse width measurement mode is 
shown in figure 5.1. 
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Figure 5.1 : Conceptual Circuit of Timers A and B in Pulse Width Measurement Mode. 



Timer A 

Pulse Width • 

Mode 



Timer B 

Pulse Width - 

Mode 




Interrupt 
Channel 



TBI 



The pulse width measurement mode functions simi- 
larly to the delay mode, with the auxiliary control si- 
gnal acting as an enable to the timer. When the 
control signal is active, the prescaler and main coun- 
ter are allowed to operate. When the control signal 
is negated, the timer is stopped. So, the width of the 
active pulse on TAI or TBI is measured by the num- 
ber of timer counts which occur while the timer is al- 
lowed to operate. 

The active state of the auxiliary input line is defined 
by the associated interrupt channel's edge bit in the 
active edge register (AER). GPIP4 of the AER is the 
edge bit associated with TAI and GPIP3 is associa- 
ted with TBI. When the edge bit is a one, the auxi- 
liary input will be active high, enabling the timer while 
the input signal is at a high level. If the edge bit is 
low, the auxiliary input will be active low and the ti- 
mer will operate while the input signal is at a low le- 
vel. 

The state of the active edge bit also specifies whe- 
ther a zero-to-one transition or a one-to-zero transi- 
tion of the auxiliary input pin will produce an interrupt 
when the interrupt channel is enabled. In normal 
operation, programming the active edge bit to a one 
will produce an interrupt on the zero-to-one transi- 
tion of the associated input signal. Alternately, pro- 
gramming the edge bit to a zero will produce an 
interrupt on the one-to-zero transition of the input si- 



gnal. However, in the pulse width measurement 
mode, the interrupt generated by a transition on TAI 
or TBI will occur on the opposite transition as that 
normally defined by the edge bit. 

For example, in the pulse width measurement 
mode, if the edge bit is a one, the timer will be allo- 
wed to run while the auxiliary input TAI is high. When 
TAI transitions from high to low, the timer will stop 
and, if the interrupt channel is enabled, an interrupt 
will occur. By having the interrupt occur on the one- 
to-zero transition instead of the zero-to-one transi- 
tion, the processor will be interrupted when the pulse 
being measured has terminated and the width of the 
pulse is available from the timer. Therefore, the ti- 
mers act like a divide-by-prescaler that can be pro- 
grammed by the timer data register and the timer's 
A and B control register. 

After reading the contents of the timer, the main 
counter must be reinitialized by writing to the timer 
data register to allow consecutive pulses to be mea- 
sured. If the timer is written after the auxiliary input 
signal is active, the timer will count from the previous 
contents of the timer data register until it counts 
through 01 (hexadecimal). At that time, the main 
counter is loaded with the new value from the timer 
data register, a time out pulse is generated which 
will toggle the timer output, and an interrupt may be 
optionally generated on the timer interrupt channel. 
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Note that the pulse width measured will include 
counts from before the main counter was reloaded. 
If the timer data register is written while the pulse is 
transitioning to the active state, an indeterminate va- 
lue may be written into the main counter. 

Once the timer is reprogrammed for another mode, 
interrupts will again occur as normally defined by the 
edge bit. Note that an interrupt may be generated 
as the result of placing the timer into the pulse width 
measurement mode or by reprogramming the timer 
for another mode. Also, an interrupt may be gene- 
rated by changing the state of the edge bit while in 
the pulse width measurement mode. 

5.1.3. EVENT COUNT MODE OPERATION. In 
addition to the delay mode and the pulse width mea- 
surement mode, timers A and B may be program- 
med to operate in the event count mode. Like the 
pulse width measurement mode, the event count 
mode also requires an auxiliary input signal, TAI or 
TBI, and the interrupt channels normally associated 
with 14 and 13 will respond to transitions on TAI and 
TBI, respectively. General purpose lines 13 and 14 
still function normally. 

In the event count mode the prescaler is disabled, 
allowing each active transition on TAI and TBI to pro- 
duce a count pulse. The count pulse causes the 
main counter to decrement by one. When the timer 
counts through 01 (hexadecimal), a time out pulse 
is generated which will cause the output signal to 
toggle and may optionally produce an interrupt via 
the associated timer interrupt channel. The timer's 
main counter is also reloaded from the timer data 
register. To count transitions reliably, the input si- 
gnal may only transition once every four timer clock 

Figure 5.2 : Timer Data Registers. 



periods. For this reason, the input signal must have 
a maximum frequency equal to one-fourth that of 
the timer clock. 

The active edge of the auxiliary input signal is defi- 
ned by the associated interrupt channel's edge bit. 
GPIP4 of the AER specifies the active edge for TAI 
and GPIP3 defines the active edge for TBI. When 
the edge bit is programmed to a one, a count pulse 
will be generated on the zero-to-one transition of the 
auxiliary input signal. When the edge bit is program- 
med to a zero, a count pulse will be generated on 
the one-to-zero transition. Also, note that changing 
the state of the edge bit while the timer is in the event 
count mode may produce a count pulse. 

Besides generating a count pulse, the active transi- 
tion of the auxiliary input signal will also produce an 
interrupt on the 13 or 14 interrupt channel, if the in- 
terrupt channel is enabled. Typically, in the event 
count mode, these channels are not enabled since 
the timer is automatically counting transitions on the 
input signal. If the interrupt channel were enabled, 
the number of transitions could be counted in the in- 
terrupt routine without requiring the use of the timer. 

5.2. TIMER REGISTERS 

The four timers are programmed via three control 
registers and four timer data registers. Control re- 
gisters TACR and TBCR and timer data registers 
TADR and TBDR (refer to figure 5-1) are associa- 
ted with timers A and B respectively. Timers C and 
D are controlled by the control register TCDCR and 
the data registers TCDR and TDDR (refer to fi- 
gure 5.2). 



(a) Timer A Data Register (TADR). 












Address 1F 
(Hex) 

SET 
CLEARED 


7 6 5 


4 


3 


2 


1 







D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 




a) MPU writes a one 
a) MPU writes a zero 














(b) Timer B Data F 


Register (TBDR). 












Address 21 

(Upvl 


7 6 5 


4 


3 


2 


1 







D7 


D6 


D5 | 


D4 


D3 


D2 


D1 


DO 




SET 
CLEARED 


a) MPU writes a one 
a) MPU writes a zero 
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Figure 5.2 : Timer Data Registers (continued). 



(c) Timer C Data Register (TCDR). 












Address 23 
(Hex) 

SET 
CLEARED 


7 6 5 


4 


3 


2 


1 







D7 


D6 


D5 


D4 


D3 


D2 


0, 


DO 




a) MPU writes a one 
a) MPU writes a zero 














(d) Timer D Data Re 


gister (TDDR). 












Address 25 
(Hex) 

SET 
CLEARED 


7 6 5 


4 


3 


2 


1 







D7 


D6 


D5 


D4 


D3 


D2 


D1 


[ DO 


I 


a) MPU writes a one 
a) MPU writes a zero 















5.2.1. TIMER DATA REGISTERS. Each timer's 
main counter is an 8-bit binary down counter. The 
value of the main counter may be read at any time 
by reading the timer's data register. The information 
read is the value of the counter which was captured 
on the last low-to-high transition of the DS pin. 

The main counter is initialized by writing to the ti- 
mer's data register. If the timer is stopped, data is 
loaded simultaneously into both the timer data re- 
gister and the main counter. If the timer data regis- 
ter is written while the timer is enabled, the value is 
not loaded into the timer until the timer counts 



through 01 (hexadecimal). Writing the timer data re- 
gister while the timer is counting through 01 (hexa- 
decimal) will cause an indeterminate value to be 
loaded into the timer's main counter. The four data 
registers are shown in figure 5.2. 

5.2.2. TIMER CONTROL REGISTERS. Bits in the 
timer control registers select the operation mode, 
select the prescaler value, and disable the timers. 
Timer control registers TACR and TBCR also have 
bits which allow the programmer to reset output lines 
TAO and TBO. These control registers are shown 
in figure 5.3. 
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Figure 5.3 : Timer Control Registers. 



(a) Timer A Control Register (TACR). 



19 



(Hex) 



* 


• 


* 


Reset 
TAO 


AC3 


AC2 


AC! 


ACO 



* Unused bits read as zero 



• 


* 


• 


Reset 
TBO 


BC3 


BC2 


BC1 


BCO 



(b) Timer B Control Register (TBCR). 

7 6 

Address 1B 
(Hex) 

* Unused bits read as zero 

Reset TAO/TBO Timer's A and B output lines (TAO and TBO) may be forced low at any time by writing a one to the reset location 
in TACR and TBCR, respectively. The output will be held low only during the write operation ; at the conclusion of 
the operation, the output will be allowed to toggle in response to a time-out pulse. When resetting TAO and TBO, 
the remaining bits in the control register must be written with their previous value to avoid altering the operation 
mode. 

SET a) End of write cycle which clears the bit 

CLEARED a) MPU writes a zero 
b) Reset 

AC3-AC0, BC3-BC0 These bits are decoded to determine the timer operatio$ mode. 



AC3 


AC2 


AC1 


ACO 


Operation Mode 


BC3 


BC2 


BC1 


BCO 
















Timer Stopped * 











1 


Delay Mode, + 4 Prescaler 








1 





Delay Mode, + 10 Prescaler 








1 


1 


Delay Mode, ■*- 16 Prescaler 





1 








Delay Mode, + 50 Prescaler 





1 





1 


Delay Mode, + 64 Prescaler 





1 


1 





Delay Mode, + 100 Prescaler 





1 


1 


1 


Delay Mode, -5- 200 Prescaler 













Event Count Mode 










1 


Pulse Width Mode, + 4 Prescaler 







1 





Pulse Width Mode, + 10 Prescaler 







1 


1 


Pulse Width Mode, + 16 Prescaler 




1 








Pulse Width Mode, + 50 Prescaler 




1 





1 


Pulse Width Mode, + 64 Prescaler 




1 


1 





Pulse Width Mode, + 1 00 Prescaler 




1 


1 


1 


Pulse Width Mode, + 200 Prescaler 



* Regardless of the operation mode, counting is inhibited when the timer is stopped. The contents 
of the timer's main counter is not affected, although any residual count in the prescaler is lost. 

SET a) MPU writes a one 

CLEARED a) MPU writes a zero 

b) Reset 
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Figure 5.3 : Timer Control Registers (continued). 



(c) Timers C and D Control Register (TCDCR). 

7 6 5 



Address 1 D 
(Hex) 



| « J CC2 | CC1 J CCO | 



* Unuaod bits read as zero 



2 
| DC2 



DC1 



DCO 



CC2-CC0, DC2-DC0 The bits are decoded to determine the timer operation mode. 



CC2 
DC2 


CC1 
CCO 


DCO 
DC1 


Operation Mode 











Timer Stopped * 








1 


Delay Mode, + 4 Prescaler 





1 





Delay Mode, + 1 Prescaler 





1 


1 


Delay Mode, + 16 Prescaler 


1 








Delay Mode, -*- 50 Prescaler 


1 





1 


Delay Mode, + 64 Prescaler 


1 


1 


. 


Delay Mode, + 100 Prescaler 


1 


1 


1 


Delay Mode, + 200 Prescaler 



* When the timer is stopped, counting is inhibited. The contents of the timer's main counter is 
not affected, although any residual count in the prescaler is lost. 

SET a) MPU writes a one 

CLEARED a) MPU writes a zero 

b) Reset 
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SECTION 6 



UNIVERSAL SYNCHRONOUS/ASYNCHRO- 
NOUS RECEIVER-TRANSMITTER 

The universal synchronous/asynchronous receiver- 
transmitter (USART) is a single full-duplex serial 
channel with a double-buffered receiver and trans- 
mitter. There are separate receive and transmit 
clocks and separate receive and transmit status and 
data bytes. The receive and transmit sections are 
also assigned separate interrupt channels. Each 
section has both a normal condition interrupt chan- 
nel and an error condition interrupt channel. These 
channels can be optionally disabled from interrup- 
ting the processor and instead, DMA transfers can 
be performed using the receiver ready and transmit- 
ter ready external CMFP signals. 

6.1 . CHARACTER PROTOCOLS 
The CMFP USART supports asynchronous and 
with the aid of a polynomial generator checker 
(PGC) supports byte synchronous character for- 
mats. These formats are selected independently of 
the divide-by-one and divide-by-1 6 clock modes. 
When the divide-by-one clock mode is selected, 
synchronization must be accomplished externally. 
The receiver will sample the serial data on the rising 
edge of the receiver clock. In the divide-by-1 6 clock 
mode, the data is sampled at mid-bit time to in- 
crease transient noise rejection. 
Also, when the divide-by-1 6 clock mode is selected, 
the USART resynchronization logic is enabled. This 
logic increases the channel's clock skew tolerance. 
When a valid transition is detected, an internal coun- 
ter is reset to state zero. Transition checking is then 
inhibited until state four. Then at state eight, the pre- 
vious state of the transition checking logic is clocked 
into the receive shift register. 

6.1 .1 . ASYNCHRONOUS FORMAT. Variable word 
length and start/stop bit configurations are available 
under software control for asynchronous operation. 

Figure 6.1 : Synchronous Character Register (SCR). 



The word length can be five to eight bits and one, 
one and one-half, or two stop bits can be selected. 
The user can also select odd, even, or no parity. For 
character lengths of less than eight bits, the assem- 
bled character will consist of the required number of 
data bits followed by zeros in the unused bit posi- 
tions and a parity bit, if parity is enabled. 

In the asynchronous format, start bit detection is al- 
ways enabled. New data is not shifted into the re- 
ceive shift register until a zero bit is received. When 
the divide-by-1 6 clock mode is selected, the false 
start bit logic is also active. Any transition must be 
stable for three positive receive clock edges to be 
considered valid. Then a valid zero-to-one transition 
must not occur for at least eight additional positive 
clock edges. 

6.1.2. SYNCHRONOUS FORMAT. When the syn- 
chronous character format is selected, the 8-bit syn- 
chronous character loaded into the synchronous 
character register is compared to received serial da- 
ta until a match is found. Once synchronization is 
established, incoming data is clocked into the recei- 
ver. The synchronous word will be continuously 
transmitted during an underrun condition. All syn- 
chronous characters can be optionally stripped from 
the receive buffer. Figure 6.1 shows the synchro- 
nous character register. 

The synchronous character is typically written after 
the data word length is selected, since unused bits 
in the synchronous character register are zeroed 
out. When parity is enabled, synchronous word 
length is the data word length plus one. The CMFP 
will compute and append the parity bit for the syn- 
chronous word when a word length of eight is selec- 
ted. However, if the word length is less than eight, 
the user must determine the synchronous word pa- 
rity and write it into synchronous character. The 
CMFP will then transmit the extra bit in the synchro- 
nous word as a parity bit. 





7 


6 


5 




4 


3 


2 


1 









Address 27 r~ 


D7 


D6 


| D5 


I 


D4 


| D3 


| D2 


1 Ol 


1 


DO 


1 
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6.1 .3. USART CONTROL REGISTER. The USART 
control register (UCR) selects the clock mode and 
the character format for the receive and transmit 
sections. This register is shown in figure 6-2. 

6.2. RECEIVER 

As data is received on the serial input line (SI), it is 
clocked into an internal 8-bit shift register until the 
specified number of data bits have been assembled. 
This character will then be transferred to the receive 
buffer, assuming that the last word in the receiver 
buffer has been read. This transfer produces a buf- 
fer full interrupt to the processor. 

Reading the receive buffer satisfies the buffer full 
condition and allows a new data word to be trans- 
ferred to the receive buffer when it is assembled. 
The receive buffer is accessed by reading the 
USART data register (UDR). The UDR is simply an 

Figure 6.2 : USART Control Register (UCR). 



8-bit data register used when transferring data from 
the CMFP and the CPU. 

Each time a word is transferred to the receive buf- 
fer, its status information is latched into the receiver 
status register (RSR). The RSR is not updated again 
until the data word in the receive buffer has been 
read. When a buffer full condition exists, the RSR 
should always be read before the receive buffer 
(UDR) to maintain the correct correspondance bet- 
ween data and flags. Otherwise, it is possible that 
after reading the UDR and prior to reading the RSR, 
a new word could be received and transferred to the 
receive buffer. Its associated flags would be latched 
into the RSR, over-writing the flags for the previous 
data word. Then when the RSR were read to access 
the status information for the first data word, the 
flags for the new word would be retrieved. 



Address 29 
(Hex) 



| CLK [ WL1 I WLO | ST1 1 STO | PE [ E/O | WU | 



CLK 



WLO, WL1 



Clock Mode. When this bit is zero, data will be clocked into and out of the receiver and transmitter at the frequency 
of their respective clocks. When this bit is a one, data will be clocked into and out of the receiver and transmitter at 
one sixteenth the frequency of their respective clocks. Also, the receiver data transition resynchronization logic will 
be enabled. 

SET-+ 16 a) MPU writes a one 

CLEARED - + 1 a) MPU writes a zero 
b) Reset 

Word Length. These two bits specify the length of the data word exclusive of start bits, stop bits, and parity. 

WL1 WLO Word Length 





1 
1 

SET 

CLEARED 



8 Bits 
7 Bits 
6 Bits 
5 Bits 



a) MPU writes a one 

a) MPU writes a zero 

b) Reset 



STO, ST1 



Start/Stop Bit and Format Control. These two bits select the number of start and stop bits and also specify the cha- 
racter format. 



ST1 



STO 



Start Bits 



Stop Bits 



Format 





1 

1 1/2 

2 



* Only used with divide-by-16 clock mode 
SET a) MPU writes a one 

CLEARED a) MPU writes a zero 

b) Reset 



Synchronous 
Asynchronous 
Asynchronous* 
Asynchronous 



Gl 
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Figure 6.2 : USART Control Register (UCR) (continued). 



PE 



E/O 



WU 



Parity Enable. When this bit is zero, no parity check will be made and no parity bit will be computed for transmission. 
When this bit is a one, parity will be checked by the receiver and parity will be calculated and inserted during data 
transmission. Note that parity is not automatically appended to the synchronous character for word lengths of less 
than eight bits. In this case, the parity should be written into the synchronous character register along with the syn- 
chronous word. 

SET a) MPU writes a one 

CLEARED a) MPU writes a zero 

b) Reset 

Even/Odd Parity. When this bit is zero, odd parity is selected. When this bit is a one, even parity is selected. 
SET a) MPU writes a one 

CLEARED a) MPU writes a zero 

b) Reset 

Bit Reserved. Must be mantained at 0. 



6.2.1. RECEIVER INTERRUPT CHANNELS. The 
USART receive section is assigned two interrupt 
channels. One indicates the buffer full condition, 
while the other channel indicates an error condition. 
Error conditions include overrun, parity error, syn- 
chronous found, and break. These interrupting 
conditions correspond to the BF, OE, PE, and F/S 
or B bits of the receiver status register. These flags 
will function as described in 6.2.2. whether the re- 
ceiver interrupt channels are enabled or disabled. 

While only one interrupt is generated per character 
received, two dedicated interrupt channels allow se- 
parate vector numbers to be assigned for normal 
and abnormal receiver conditions. When a received 
word has an error associated with it and the error in- 
terrupt channel is enabled, an interrupt will be ge- 
nerated on the error channel only. However, if the 
error channel is disabled, an interrupt for an error 



condition will be generated on the buffer full inter- 
rupt channel along with interrupts produced by the 
buffer full condition. The receiver status register 
must always be read to determine which error condi- 
tion produced the interrupt. 

6.2.2. RECEIVER STATUS REGISTER. The recei- 
ver status register contains the receive buffer full 
flag, the synchronous strip enable, the receiver ena- 
ble, and various status information associated with 
the data word in the receive buffer. The RSR is lat- 
ched each time a data word is transferred to the re- 
ceive buffer. RSR flags cannot change again until 
the data word has been read. The exception is the 
character in progress flag which monitors when a 
new word is being assembled in the asynchronous 
character format. The receiver status register is 
shown in figure 6.3. 



Figure 6.3 : Receiver Status Register (RSR). 




















Address 2B 


BF 


OE 


PE 


FE 


F/S 
or B 


M/CIP 


SS 


RE 




BF Buffer Full 
ceive buffe 
SET 
CLEARED 

OE Overrun E 
ceive buffe 
condition i 
is cleared 
SET 
CLEARED 

PE Parity Erro 
the word tr 
SET 
CLEARED 


This bit is set when a received word is transferred to the receive buffer. This bit is cleared w 
r is read by accessing the USART data register (UDR). This bit is read only, 
a) Received word transferred to buffer 

a) Receive buffer read 

b) Reset 

ror. An overrun error occurs when a received word is due to be transferred to the receive buffer, 
r is full. Neither the receive buffer nor the RSR is overwritten. The OE bit is set after the receive 
3 satisfied by reading the UDR. This error condition will generate an interrupt to the processor, 
by reading the RSR. New data words will not be assembled until the RSR is read, 
a) Incoming word received and receive buffer full 

a) Receiver status register read 

b) Reset 

r. This bit is set when the word transferred to the receive buffer has a parity error. This bit is cle 
ansferred to the receive buffer does not have a parity error, 
a) Word in receive buffer has a parity error 

a) Word in receive buffer does not have a parity error 

b) Reset 


len the re- 
but the re- 
3 buffer full 
The OE bit 

ared when 
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Figure 6.3 : Receiver Status Register (RSR) (continued). 



FE Frame Error. A frame error exists when a non-zero data word is not followed by a stop bit in the asynchronous charac- 

ter format. The FE bit is set when the word transferred to the receive buffer has a frame error. The FE bit is cleared 
when the word transferred to the receive buffer does not have a frame error. 
SET a) Word in receive buffer has a frame error 

CLEARED a) Word in receive buffer does not have a frame error 

b) Reset 

F/S or B Found/Search or Break Detect. In the synchronous character format this bit can be set or cleared in software. When 
the bit is a zero, the USART receiver is placed in the search mode. The incoming data is compared to the synchro- 
nous character register (SCR) and the word length counter is disabled. The F/S bit will automatically be set when a 
match is found and the word length counter will be enabled. An interrupt will also be produced on the receive error 
channel. 

SET a) Incoming word matches synchronous character 

CLEARED a) MPU writes a zero 

b) Incoming word does not match synchronous character 

c) Reset 

In the asynchronous character format, this flag indicates a break condition. A break is detected when an all zero data 
word with no stop bit is received. The break condition continues until a non-zero data bit is received. The 8-bit is set 
when the word transferred to the receive buffer is a break indication. A break condition generates an interrupt to the pro- 
cessor. This bit is cleared when a non-zero data bit is received and the break condition has been acknowledged by rea- 
ding the RSR at least once An end of break interrupt will be generated when the bit is cleared. 
SET a) Word in receive buffer is a break 

CLEARED a) Break terminates and receiver status register read since beginning of break condition 

b) Reset 

M or CIP Match/Character in Progress In the synchronous format, this flag indicates that a synchronous character has been re- 
ceived. The M bit is set when the word transferred to the receive buffer matches the synchronous character register. 
The M bit is cleared when the word transferred to the receive buffer does not match the synchronous character regis- 
ter. 

SET a) Word transferred to receive buffer matches the synchronous character 

CLEARED a) Word transferred to receive buffer does not match synchronous character 

b) Reset 

In the asynchronous character format, this flag indicates that a word is being assembled. The CIP bit is set when a start 
bit is detected. The CIP bit is cleared when the final stop bit has been received. 
SET a) Start bit is detected 

CLEARED a) End of word detected 

b) Reset 

SS Synchronous Strip Enable. When this bit is a one, data words that match the synchronous character register will not 

be loaded into the receive buffer and no buffer full condition will be produced. When this bit is a zero, data words that 
match the synchronous character register will be transferred to the receive buffer and a buffer full condition will be pro- 
duced. 

SET a) MPU writes a one 

CLEARED a) MPU writes a zero 

b) Reset 

RE Receiver Enable. When this bit is a zero, the receiver will be immediately disabled. All flags will be cleared. When this 

bit is a one, normal receiver operation is enabled. This bit should not be set to a one until the receiver clock is active. 
SET a) MPU writes a one 

b) Transmitter is disabled in auto-turnaround mode 
CLEARED a) MPU writes a zero 

b) Reset 



6.2.3. SPECIAL RECEIVE CONSIDERATIONS. 2) A new word is received and the receive buffer is 
Certain receive conditions relating to the overrun er- full. A break is received before the receive buffer 

ror flag and the break detect flag require further ex- is read. 

planation. Consider the following examples : Both the B and OE flags will be set when the buf- 

1 ) A break is received while the receive buffer is full. fer fu " condition is satisfied. 

This does not produce an overrun condition. On- 
ly the B flag will be set after the receiver buffer is 
read. 
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6.3. TRANSMITTER 

The transmit buffer is loaded by writing to the 
USART data register (UDR). The data word will be 
transferred to an internal 8-bit shift register when the 
last word in the shift register has been transmitted. 
This will produce a buffer empty condition. If the 
transmitter completes the transmission of word in 
the shift register before a new word is written to the 
transmit buffer, an underrun error will occur. In the 
asynchronous character format, the transmitter will 
send a mark until the transmit buffer is written. In the 
synchronous character format, the transmitter will 
continuously send the synchronous character. 

The transmit buffer can be loaded prior to enabling 
the transmitter. After the transmitter is enabled, 
there is a delay before the first bit is output. The se- 
rial output line (SO) should be programmed to be 
high, low, or high impedance when the transmitter 
is enabled to force the output line to the desired state 
until the first bit is shifted out. Note that a one bit will 
always be transmitted prior to the word in the trans- 
mit shift register when the transmitter is first ena- 
bled. 

When the transmitter is disabled, any word current- 
ly being transmitted will continue to completion. 
However, any word in the transmit buffer will not be 
transmitted and will remain in the buffer. So, no buf- 
fer empty condition will occur. If the buffer is empty 
when the transmitter is disabled, the buffer empty 
condition will remain, but no underrun condition will 
be generated when the word in transmission is com- 
pleted. If no word is being transmitted when the 
transmitter is disabled, the transmitter will stop at the 
next rising edge of the internal shift clock. 

In the asynchronous character format, the transmit- 
ter can be programmed to send a break. The break 



will be transmitted once the word currently in the 
shift register has been sent. If the shift register is 
empty, the break command will be effective imme- 
diately. An END interrupt will be generated at every 
normal character boundary to aid in timing the break 
transmission. The break will continue until the break 
command is cleared. 

Any character in the transmit buffer at the start of a 
break will be transmitted when the break is termina- 
ted. If the transmit buffer is empty at the start of a 
break, it may be written at any time during the break. 
If the buffer is still empty at the end of the break, an 
underrun condition will exist. 

Disabling the transmitter during a break condition 
causes the transmitter to cease transmission of the 
break character at the end of the current character. 
No end of break stop bit will be transmitted. Even if 
the transmit buffer is empty, no buffer empty condi- 
tion will occur nor will an underrun condition occur. 
Also, any word in the transmit buffer will remain. 

6.3.1. TRANSMITTER INTERRUPT CHANNELS. 
The USART transmit section is assigned two inter- 
rupt channels. One channel indicates a buffer emp- 
ty condition and the other channel indicates an 
underrun or end condition. These interrupting condi- 
tion correspond to the BE, UE, and END flag bits of 
the transmitter status register (TSR). The flag bits 
will function as described in 6.3.2 whether their as- 
sociated interrupt channel is enabled or disabled. 

6.3.2. TRANSMITTER STATUS REGISTER. The 
transmitter status register contains various transmit- 
ter error flags and transmitter control bits for selec- 
ting auto-turnaroundand loopback mode. The TSR 
is shown in figure 6.4. 
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Figure 6.4 : Transmitter Status Register (TSR). 



BE 



UE 



END 



H,L 



BE 


UE 


AT 


END 


B 


H 


L 


TE 



Address 2D 



Buffer Empty. This bit is set when the word in the transmit buffer is transferred to the transmit shift register. This bit is 
cleared when the transmit buffer is reloaded by writing to the USART data register (UDR). 
SET a) Transmit buffer contents transferred to transmit shift register 

CLEARED a) Transmit buffer written 

Underrun Error. This bit is set when the word in the transmit shift register has been transmitted before a new word is 
loaded into the transmit buffer. This bit is cleared by reading the TSR or by disabling the transmitter. This bit does not 
need to be cleared before writing to the UDR. 

SET a) Transmit shift register contents transmitted before transmit buffer written 

CLEARED a) Transmitter status register read 

b) Transmitter disabled 

Auto-Turnaround. When this bit is set, the receiver will be enabled automatically after the transmitter has been disa- 
bled and the last character being transmitted is completed. 
SET a) MPU writes a one 

CLEARED a) Transmitter disabled 

End of Transmission. When the transmitter is disabled while a character is being transmitted, the END will be set after 
the character transmission is complete. If no word is being transmitted when the transmitter is disabled, the END bit 
will be set immediately. The END bit is cleared by reenabling the transmitter. 
SET a) Transmitter disabled 

CLEARED a) Transmitter enabled 

Break. This bit has no function in the synchronous character format. In the asynchronous character format, when this 
bit is set to a one, a break will be transmitted upon the completion of the transmission of any word in the transmit shift 
register. A break consists of an all zero data word with no stop bit. When this bit is cleared by software, the break indi- 
cation will cease and normal transmission will resume. Note that when B is set, BE cannot be set. 
SET a) MPU writes a one 

CLEARED a) MPU writes a zero 

High and Low. These control bits configure the transmitter output (SO) when the transmitter is disabled. These bits al- 
so force the transmitter output after the transmitter is enabled until END is cleared. 



Output State 



High Impedance 

Low 

High 
Loopback Mode 



Loopback mode internally connects the transmitter output to the receiver input and the transmitter clock to the receiver 

clock internally. The receiver clock (RC) and the serial input (SI) are not used. When the transmitter is disabled, SO is 

forced high. 

SET a) MPU writes a one 

CLEARED a) MPU writes a zero 

Transmitter Enable. When this bit is cleared, the transmitter is disabled. The UE bit will be cleared and the END bit will 
be set. When this bit is set, the transmitter is enabled. The transmitter output will be driven according to the H and L 
bits until transmission begins. A one bit will be transmitted before the transmission of the word in the transmit shift re- 
gister is begun. 

SET a) MPU writes a one 

CLEARED a) MPU writes a zero 

b) Reset 



6.4. DMA OPERATION 

USART error conditions are only valid for each cha- 
racter boundary. When the USART performs block 
data transfers by using the DMA handshake lines 
RR (receiver ready) and TR (transmitter ready), er- 
rors must be saved and checked at the end of a 



block. This is accomplished by enabling the error 
channel for the receiver or transmitter and by mas- 
king interrupts for this channel. Once the transfer is 
complete, interrupt pending register A is read. Any 
pending receiver or transmitter error indicates an er- 
ror in the data transfer. 
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SECTION 7 



ELECTRICAL CHARACTERISTICS 

This section contains the electrical specifications and associated timing information for the TS68HC901 
multi-function peripheral. 

7.1. MAXIMUM RATINGS 



Symbol 


Parameter 


Value 


Unit 


Vcc 


Supply Voltage 


- 0.3 to + 7.0 


V 


V|N 


Input Voltage 


- 0.3 to + 7.0 


V 


T A 


Operating Temperature Range 

TS68HC901C 
TS68HC901V 


T L to T H 

to + 70 

- 40 to + 85 


°c 


T stg- 


Storage Temperature 


-65 to + 150 


°c 



This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields, however, it is advised 
that normal precautions be taken to avoid application of any voltage higher than maximum-rated voltages to this high-impedance circuit. 
Reliability of operation is enhanced if unused inputs are tied to an appropriate logic voltage level (e.g., either Vcc or GND). 

7.2. THERMAL DATA 



0JA 


Thermal Resistance 
Plastic 


50 


°C/W 



7.3. POWER CONSIDERATIONS 

The average chip-junction temperature, Tj, in °C 
can be obtained from : 

Tj = T A + (PD*ejA) (1) 

Where : 

Ta= Ambient Temperature, °C 

Gja = Package Thermal Resistance, Junction-to 

Ambient, °C/W 
Pd = Pint + Pi/o 

Pint = Ice x Vcc, Watts - Chip Internal Power 
Pi/o = Power Dissipation on Input and Output Pins 

- User Determined 

For most applications Pi/o Pint and can be neglec- 
ted. 



An approximate relationship between Pd and Tj (if 

Pi/o is neglected) is : 

P D = K + (Tj + 273°C) (2) 

Solving equations 1 and 2 for K gives : 

K = Pd • (Ta + 273°C) + 9ja Pd 2 (3) 

Where : 

K is a constant pertaining to the particular part. 
K can be determined from equation (3) by measu- 
ring Pd (at equilibrium) for a known Ta. Using this 
value of K the values of Pd and Tj can be obtained 
by solving equations (1) and (2) iteratively for any 
value of Ta. 
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7.4. DC ELECTRICAL CHARACTERISTICS 

(Ta = Tl to Th Vcc = + 5V ± 5%, unless otherwise noted) 


Symbol 


Parameter 


Min. 


Max. 


Unit 


V| H 


Input High Voltage Except XTAL1, XTAL2 


2.0 


V DD + 0.3 


V 


V| H 


Input High Voltage XTAL1, XTAL2 


Vdd-1.5 


V DD + 0.3 


V 


V|L 


Input Low Voltage 


-0.3 


0.8 


V 


VoH 


Output High Voltage, Except DTACK (I h = - 120 u.A) 


4.1 




V 


Vol 


Output Low Voltage, Except DTACK (l i_ =2.0 mA) 




0.5 


V 


Ice 


Power Supply Current (outputs open) 




6 


mA 


Ili 


Input Leakage Current (V, n = to Vcc) 




±10 


uA 


Iloh 


Hi-Z Output Leakage Current in Float (V ou t = 2.4 to Vcc) 




10 


uA 


• lol 


Hi-Z Output Leakage Current in Float (V ou t = 0.5 V) 




-10 


ma 


lOH 


DTACK Output Source Current (V out = 2.4 V) 




-400 


ma 


IOL 


DTACK Output Sink Current (V out = 0.5 V) 




5.3 


mA 


Pd 


Power Dissipation 




32 


mW 


7.5. CAPACITANCE (Ta = 25°C, f = 1MHz, unmeasured pins returned to ground) 


Symbol 


Parameter 


Min. 


Max. 


Unit 


C|N 


Input Capacitance 




10 


PF 


CoUT 


Hi-Z Output Capacitance 




10 


PF 



Figure 7.1 : IRQ Test Load. 



Figure 7.2 : Typical Test Load. 



+ 5V 



R L = 2.25kQ 



IRQ O- 



^pC L =100pF 



Point 



MMD6150Or 
Equivalent 



=T= C L 



Rl 



Rl 



MMO7000Or 
Equivalent 



for all outputs except DTACK 
C L =100pF 
Rl = 20kQ 
Ri = 1.90kQ 



for DTACK 
C L =130pF 
Rl = 6kQ 
Ri = 740Q 
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7.6. CLOCK TIMING 


Symbol 


Parameter 


4 MHz 


5 MHz 


8 MHz 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


f 


Frequency of Operation 


1.0 


4.0 


1.0 


5.0 


1.0 


8.0 


MHz 


tcyc 


Cycle Time 


250 


1000 


200 


1000 


125 


1000 


ns 


td, tcH 


Clock Pulse Width 


110 


480 


90 


480 


55 


480 


ns 


tCr, tcf 


Rise and Fall Times 


- 


15 


- 


10 


- 


10 


ns 



Figure 7.3 : CMFP External Oscillator Components. 
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Crystal Parameters 

Parallel resonance fundamental mode AT cut 

Rs < 150ft (f = 2.8 -4.0MHz) 

Rs<300Q(f = 2.0 -2.7MHz) 

Cl = 1 8pF, Cm = 0.02pF, Cr = 5pF, L M = 96MHz 

f (typical) = 2.4576MHz 



Figure 7.3.1 : CMFP External Clock Connection. 
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other possible configuration : 

XTAL1 driven with a CMOS clock and XTAL2 not connected. 



7.7. AC ELECTRICAL CHARACTERISTICS Tamb = 0°C to 70°C, Vcc = 5.0 Vdc ± 5%, 
Vss = Vdc (unless otherwise specified). See figures 7-4 through 7-10. 



N° 


Parameter 


4 MHz 


5 MHz 


8 MHz 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


1 


CS, DS Width High 


50 




35 




25 






2 


R/W, A1-A5 Valid to Falling CS (setup) 


30 




25 




20 




ns 


3 


Data Valid Prior to Rising DS 


280 




150 




100 




ns 


4O) 


CS, IACK Valid to Falling Clock (setup) 


50 




50 




50 




ns 


4a < 4 > 


Falling Clock to Next CS Low 


100 




80 




50 




ns 


5 


CLK Low to DTACK Low 




220 




180 




90 


ns 


6 


CS, DS or IACK High to DTACK High 




60 




55 




50 


ns 


7 


CS , DS or IACK High to DTACK Tri-state 




100 




100 




100 


ns 


8 


DTACK Low to Data Invalid (hold time) 

















ns 


9 


CS, DS or IACK High to Data Tri-state 




50 




50 




50 


ns 


10 


CS or DS High to R/W, A1-A5 Invalid 
(hold time) 

















ns 
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7.7. AC ELECTRICAL CHARACTERISTICS (continued) 


N°. 


Parameter 


4 MHz 


5 MHz 


8 MHz 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


11(3,5) 


Data Valid from CS Low 




310 




260 




200 


ns 


12 


Read Data Valid to DTACK Low (setup time) 


50 




50 




20 




ns 


13 


DTACK Low to DS, CS or IACK High 
(hold time) 












30 




ns 


14 


MET Low to Falling CLK (setup ) 


50 




50 




50 




ns 


15< 1 > 


lEO Valid from Clock Low (delay) 




180 




180 




120 


ns 


16 


Data Valid from Clock Low (delay) 




300 




300 




180 


ns 


17 


IEO Invalid from IACK High (delay) 




150 




150 




100 


ns 


18 


DTACK Low from Clock High (delay) 




180 




165 




100 


ns 


19< 1 > 


IEO"Valid from lEI Low (delay) 




100 




100 




100 


ns 


20 


Data Valid from lEl Low (delay) 




220 




220 




195 


ns 


21 


Clock Cycle Time 


250 


1000 


200 


1000 


125 


1000 


ns 


22 


Clock Width Low 


110 




90 




55 




ns 


23 


Clock Width High 


110 




90 




55 




ns 


24 <4) 


DS Inactive to Rising Clock (setup) 


100 




80 




50 




ns 


25 


I/O Minimun Active Pulse Width 


100 




100 




100 




ns 


26 


IACK Width High/Minimun Delay between two 
Pulses 


2 




2 




2 




CLK 


27 


I/O Data Valid from Rising CS or DS 




450 




450 




350 


ns 


28 


Receiver Ready Delay from Falling RC 




600 




600 




200 


ns 


29 


Transmitter Ready Delay from Falling TC 




600 




600 




200 


ns 


30< 6 > 


Timer Ouput Low from Rising Edge of CS 
or DS (A & B) (reset Tout) 




450 




450 




200 


ns 


31< 2 > 


Tout Valid from Internal Timeout 




2 tcLK 

+ 300 




2 tcLK 

+ 300 




2 tcLK 

+ 300 


ns 


32 


Timer Clock Low Time 


110 




90 




55 




ns 


33 


Timer Clock High Time 


110 




90 




55 




ns 


34 


Timer Clock Cycle Time 


250 


1000 


200 


1000 


125 


1000 


ns 


35 


RESET Low Time 


2 




1.8 




1.5 




M-S 


36 


Delay to Falling INTR from External Interrupt 
Active Transition 




380 




380 




250 


ns 


37 


Transmitter Internal Interrupt Delay from 
Falling Edge of TC 




550 




550 




350 


ns 


39 


Receiver Buffer Full Interrupt Transition Delay 
from Rising Edge of RC 




800 




800 




400 


ns 


38 


Receiver Error Interrupt Transition Delay from 
Falling Edge of RC 




800 




800 




400 


ns 



Notes : 1. 

2. 



IEO only goes low if no acknowledgeable interrupt is pending. If IEO goes low, DTACK and the data bus remain tri-sta- 

ted. 

Tclk refers to the clock applied to the CMFP CLK input pin. tcLK refers to the timer clock signal regardless of whether that 

signal comes from the XTAL1/XT AL2 cr ystal clock inputs or the TAI or TBI timer inputs. 

If the setup time is not met, CS or IACK will not be recognized until the next falling CLK. 

If the setup time is met (for consecutive cycles), the minimum hold-off time of one clock cycle will be obtained. If not met, 

the hold-off will be two cloc k cycles. 

Althrough CS and DTACK are synchronized with the clock, the data out during a read cycle is asynchronous to the clock, 

relying only on CS for timing. 

Spec. 30 applies to timer outputs TAO and TBO only. 
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7.7. AC ELECTRICAL CHARACTERISTICS (continued) 



N°. 


Parameter 


4 MHz 


5 MHz 


8 MHz 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


40 


Serial in Set Up Time to Rising Edge of RC 
(divide by one only) 


80 




70 




50 




ns 


41 


Data Hold Time from Rising Edge of RC 
(divide by one only) 


350 




325 




100 




ns 


42 


Serial Output Data Valid from Falling Edge of 
TC(+1) 




440 




420 




200 


ns 


43 


Transmitter Clock Low Time 


500 




450 




250 




ns 


44 


Transmitter Clock High Time 


500 




450 




250 




ns 


45 


Transmitter Clock Cycle Time 


1.05 




0.95 




0.55 




US 


46 


Receiver Clock Low Time 


500 




450 




250 




ns 


47 


Receiver Clock High Time 


500 




450 




250 




ns 


48 


Receiver Clock Cycle Time 


1.05 




0.95 




0.55 




u,s 


49 (2) 


CS, IACK, DS Width Low 




80 




80 




80 


Td-K 


50 


Serial Output Data Valid from Falling Edge of 
TC(+16) 




490 




370 




250 


ns 



Note : 2. Tclk refers to the clock applied to the CMFP CLK input pin. tcu< refers to the timer clock signal regardless of whether that 
signal comes from the XTAL1/XTAL2 crystal clock inputs or the TAI or TBI timer inputs. 

Figure 7.4 : Read Cycle Timing. 
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7.7.1 . AC ELECTRICAL CHARACTERISTICS - READ CYCLES 

(Vcc = 5.0 Vdc ± 5%, Vss = Vdc, Ta = Tl to Th unless otherwise noted) 



N°. 


Parameter 


4 MHZ 


5 MHZ 


8 MHz 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


1 


CS, DS Width High 


50 




35 




25 






2 


R/W, A1-A5 Valid to Falling CS (setup) 


30 




25 




20 




ns 


4O) 


CS, JACK Valid to Falling Clock (setup) 


50 




50 




50 




ns 


4a< 4 > 


Falling Clock to Next CS Low 


100 




80 




50 




ns 


5 


CLK Low to DTACK Low 




220 




180 




90 


ns 


6 


CS, DS or IACK High to DTACK High 




60 




55 




50 


ns 


7 


CS, DS or IACK High to DTACK Tri-state 




100 




100 




100 


ns 


9 


CS, DS or IACK High to Data Tri-state 




50 




50 




50 


ns 


10 


CS or DS High to R/W, A1-A5 Invalid 
(hold time) 

















ns 


11(3,5) 


Data Valid from CS Low 




310 




260 




200 


ns 


12 


Read Data Valid to DTACK Low (setup time) 


50 




50 




20 




ns 


13 


DTACK Low to DS, CS or iACK High 
(hold time) 

















ns 


24< 4 >" 


DS Inactive to Rising Clock (setup) 


100 




80 




50 




ns 



Notes : 3. If the setup time is not met, CS or IACK will not be recognized until the next falling CLK. 

4. If the setup time is met (for consecutive cycles), the minimum hold-off time of one clock cycle 
the hold-off will be two cloc k cycles. 

5. Althrough CS and DTACK are synchronized with the clock, the data out during a read cycle is 
relying only on CS for timing. 

7.7.2. AC ELECTRICAL CHARACTERISTICS - WRITE CYCLES 

(Vcc = 5.0 Vdc ± 5%, Vss = Vdc, Ta = Tl to Th unless otherwise noted) 



will be obtained. If not met, 
asynchronous to the clock, 



N°. 


Parameter 


4 MHZ 


5 MHZ 


8 MHz 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


1 


CS, DS Width High 


50 




35 




25 






2 


R/W, A1-A5 Valid to Falling CS (setup) 


30 




25 




20 




ns 


3 


Data Valid Prior to Rising DS 


280 




150 




100 




ns 


4O) 


CS, IACK Valid to Falling Clock (setup) 


50 




50 




50 




ns 


4a< 4 > 


Falling Clock to Next CS Low 


100 




80 




50 




ns 


5 


CLK Low to DTACK Low 




220 




180 




90 


ns 


6 


CS, DS or IACK High to DTACK High 




60 




55 




50 


ns 


7 


CS, DS or IACK High to DTACK Tri-state 




100 




100 




100 


ns 


8 


DTACK Low to Data Invalid (hold time) 

















ns 


10 


CS or DS High to R/W, A1-A5 Invalid 
(hold time) 

















ns 


13 


DTACK Low to DS, CS or IACK High 
(hold time) 

















ns 


24 <4) 


DS Inactive to Rising Clock (setup) 


100 




80 




50 




n 



Notes : 3. 

4. 



If the setup time is not met, CS or IACK will not be recognized until the next falling CLK. 

If the setup time is met (for consecutive cycles), the minimum hold-off time of one clock cycle will be obtained. If not met, 

the hold-off will be two clock cycles. 
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Figure 7.5 : Write Cycle Timing. 
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7.7.3. AC ELECTRICAL CHARACTERISTICS - INTERRUPT ACKNOWLEDGE CYCLES 
(Vcc = 5.0 Vdc ± 5%, Vss = Vdc, Ta = Tl to Th - C unless otherwise noted) 
See Figures 7.6 and 7.7. 



N°. 


Parameter 


4 M 


Hz 


5 U 


Hz 


8 M 


Hz 


Unit 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


40) 


CS, IACK Valid to Falling Clock (setup) 


50 




50 




50 




ns 


5 


CLK Low to DTACK Low 




220 




180 




90 


ns 


6 


CS. DS or IACK Hiah to DTACK Hiah 




60 




55 




50 


ns 


7 


CS, DS or IACK Hiah to DTACK Tri-state 




100 




100 




100 


ns 


9 


CS, DS or IACK Hiah to Data Tri-state 




50 




50 




50 


ns 


13 


DTACK Low to DS, CS or IACK High 
(hold time) 

















ns 


14 


IEI Low to Fallina CLK (setup) 


50 




50 




50 




ns 


15(D 


IEO Valid from Clock Low (delay) 




180 




180 




120 


ns 


16 


Data Valid from Clock Low (delav) 




300 




300 




180 


ns 


17 


IEO Invalid from IACK Hiah (delav) 




150 




150 




100 


ns 


18 


DTACK Low from Clock Hiah (delav) 




180 




165 




100 


ns 


19(D 


IEO Valid from IEI Low (delav) 




100 




100 




100 


ns 


20 


Data Valid from TEI Low (delav) 




220 




200 




195 


ns 


21 


Clock Cvcle Time 


250 


1000 


200 


1000 


125 


1000 


ns 


22 


Clock Width Low 


110 




90 




55 




ns 


23 


Clock Width Hiah 


110 




90 




55 




ns 


24(4) 


DS, Inactive to Rising Clock (setup) 


100 




80 




50 




ns 


25 


I/O Minimum Active Pulse Width 


100 




100 




100 




ns 


26 


IACK Width High/minimun Delay between two 
Pulses 


2 




2 




2 




CLK 



IEO only goes low if no acknowledgeable interrupt is pending. If IEO goes low, DTACK and the data bus remain tri-sta- 

ted. 

If the setup time is not met, CS or IACK will not be recognized until the next f 
If the setup time is met (for consecutive cycles), the minimum hold-off time c 
the hold-off will be two clock cycles. 



t falling CLK. 

} of one clock cycle will be obtained. If not met, 
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Figure 7.6 : Interrupt Acknowledge Cycle (IEI Low). 




Figure 7.7 : Interrupt Acknowledge Cycle (IEI High) 
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7.7.4. AC ELECTRICAL CHARACTERISTICS - 6800 INTERFACE TIMING (Vcc - 
Vss = Vdc, Ta = 0°C to 70°C unless otherwise noted). See figure 7.8. 


- 5.0 Vdc ±5%, 




N°. 


Parameter 


Min. 


Max. 


Unit 


51 


Cycle Time 


1000 




ns 


52 


Pulse Width, E High 


430 




ns 


53 


Pulse Width, E Low 


450, 




ns 


54 


Address, R/W Setup Time Before E 


80 . 




ns 


55 


CS Setup Time Before E 


80 




ns 


56 


Address Hold Time 


10 




ns 


57 


CS Hold Time 


10 




ns 


58 


Output Data Delay Time (read) 




250 


ns 


59 


Data Hold Time (read) 


o 


100 


ns 


60 


Input Data Setup Time (write) 


280 




ns 


61 


Data Hold Time (write) 


20 




ns 



Figure 7.8 : 6800 Interfacing Timing. 
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7.7.5. AC ELECTRICAL CHARACTERISTICS - MULTIPLEXED BUS TIMING (Vcc = 5.0 Vdc ± 5%, 
Vss = Vdc, Ta = 0°C to 70°C unless otherwise noted). See figures 7.9, 7.10. 


N°. 


Parameter 


Min. 


Max. 


Unit 


62 


Cycle Time 


800 




ns 


63 


Pulse Width DS Low or RD/WR High 


350 




ns 


64 


Pulse Width DS High or RD/WR Low 


340 




ns 


65 


Pulse Width AS/ALE High 


100 




ns 


66 


Delay AS_Fall to DS Rise or ALE Fall 
to RD/WR Fall 


30 




ns 


67 


Delay DS or RD/WR Rise to AS/ALE Rise 


30 




ns 


68 


R/W Setup Time to DS 


100 




ns 


69 


R/W Hold Time to DS 


10 




ns 


70 


Address Setup Time to AS/ALE 


20 




ns 


71 


Address Hold Time to AS/ALE 


20 




ns 


72 


Data Setup Time to DS or WR (write) 


280 




ns 


73 


Delay Data to DS or RD (read) 




250 


ns 


74 


Data Hold Time to DS or WR (write) 


20 




ns 


75 


Data Hold Time to DS or RD (read) 





100 


ns 


76 


CE Setup Time to AS/ALE Fall 


20 




ns 


77 


CE Hold Time to DS, RD or WR 


20 




ns 



Figure 7.9 : Multiplexed Bus Timing Motorola Type. 
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Figure 7.10 : Multiplexed Bus Timing - Intel Type. 
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Figure 7.11 : Interrupt Timing. 
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Figure 7.12 : Port Timing. 
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Figure 7.13 : Receiver Timing. 
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Figure 7.14 : Transmitter Timing. 
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Figure 7.15 : Timer Timing. 
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Figure 7.16 : Reset Timing. 




7.8. TIMER AC CHARACTERISTICS 
DEFINITION 



Parameter 


Error 


= Indicated Time Value - Actual Time Value 


tpsc = 


tcLK x Prescale Value 



INTERNAL TIMER MODE 



Parameter 


Value 


Single Interval Error (free running) (see note 2) 


± 100ns 


Cumulative Internal Error 





Error between Two Timer Reads 


± (tpsc - 4 tcLK) 


Start Timer to Stop Timer Error 


2 t C LK + 100ns to - (tpsc + 6 t C i_K + 100ns) 


Start Timer to Read Timer Error 


to - (t P sc + 6 t C LK + 400ns) 


Start Timer to Interrupt Request Error (see note 3) 


- 2 t C LK to - (4 t C LK + 800 ns) 



PULSE WIDTH MEASUREMENT MODE 



Parameter 


Value 


Measurement Accuracy (see note 1 ) 


2 tcLK tO - (tpsc + 4 tcLK) 


Minimum Pulse Width 


4 tCLK 



EVENT COUNTER MODE 



Parameter 


Value 


Minimum Active Time of TAI and TBI 


4 tCLK 


Minimum Inactive Time of TAI and TBI 


4 t C LK 



Notes : 1 . Error may be cumulative if repetitively performed. 

2. Error with respect to tout or IRQ if note 3 is true. 

3. Assuming it is possible for the timer to make an interrupt request immediately. 

7.9. FREQUENCY RANGE SUMMARY 

The following table shows the maximum operating frequency of the TS68HC901 internal peripherals, accor- 
ding to the type used. 



Type 


8 MHz 


5 MHz 


4 MHz 


Unit 


Timer 


8 


5 


4 


MHz 


USART 


2 


1.1 


1 


MHz 


68000 Interface 


8 


5 


4 


MHz 


6800 Interface 


1 


1 


1 


MHz 


Multiplexed Interface 


1.25 


1.25 


1.25 


MHz 
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SECTION 8 



MECHANICAL DATA AND ORDERING INFORMATION 

This section contains the pin assignments, package dimensions, and ordering information for the 
TS68HC901. 



8.1. PIN ASSIGNMENTS 
48-Pin Dual in-line. 



52-Pin Quad Pack (PLCC). 



















R/W[ 


1 


48 


3cs 




RS1[ 


2 


47 


]DS 






RS2[ 


3 


46 


3DTACK 






RS3[ 


4 


45 


]IACK 




in ^ n n ,. 1* o itu iu» £< c- to 

< < < < < a z b b b 12 o a 


RS4[ 


5 


44 


]D7 




RS5[ 


6 


43 


]D6 






nrnmmnnnmnr-ini-ir-i 




/ 7 6 5 4 3 2 1 52 51 50 49 *8 47 




TC[ 


7 


42 


]D5 




TCC 

so[ 


8 46 

9 45 


]D5 
] DA 


SO[ 


8 


41 


3D4 




sic 


10 44 


]D3 


siC 


9 


40 


JD3 




RC[ 


11 43 


]D2 


RC[ 


10 


39 


]D2 




vccC 


12 42 


]D1 


VccC 


11 


38 


]01 




MPXC 


13 41 


]D0 


MPXC 


1? 


37 


]D0 




NCC 
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ORDERING INFORMATION 

STANDARD VERSIONS 



Part Number 


Frequency (MHz) 


Temperature Range 


Package Type 


TS68HC901CP4 
TS68HC901CP5 
TS68HC901CP8 


4.0 
5.0 
8.0 


°C to + 70 °C 
°C to + 70 °C 
°C to + 70 °C 


Plastic DIL 
P Suffix 


TS68HC901FN4 
TS68HC901FN5 
TS68HC901FN8 


4.0 
5.0 
8.0 


°C to + 70 °C 
°C to + 70 °C 
°C to + 70 °C 


PLCC 
FN Suffix 
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SERIAL COMMUNICATIONS CONTROLLER 



Thank you for your interest in the SCC, one of the 
most versatile and most popular Serial Data Com- 
munications ICs. This document is intended to pro- 
vide answers to all technical questions about the 
Z8530 Serial Communications Controller. Please 
ready this Preface where we try to anticipate your 
questions. 

■ If you are new to serial data communications, you 
will need additional tutorial information. Of the 
many introductory texts on this subject, Techni- 
cal Aspects of Data Communications by John E. 
McNamara, published by Digital Press (DEC) 
1 982, is one of the best. 

■ If you have designed with simpler UARTs and 
USARTs, and HDLC/SDLC devices, the SCC of- 
fers you far greater flexibility, but also requires an 
in-depth study and understanding of the impact 
and the use of its many powerful features. This 
manual contains important information. 

■ If you are familiar with the Z80-SIO, you will feel 
right at home with the SCC, for it is really a func- 
tionally enhanced superset of the Z80-SIO. 

Most users read only chapters that are of interest to 
them. If you are designing the microcomputer hard- 
ware structure using the SCC as a peripheral, you 
will want to read the Initialisation Worksheet and In- 
terrupt Routine Sections. 

if you are programming a system using the SCC, 
you will be more interested, on the Initialization 
Worksheet Section. 

Points To Watch Out For : 

1 . Follow the worksheet for initialization (page ). 
Unexplainable operations may occur if this pro- 
cedure is not followed. 

2. Watch out for Write Recovery time violation (In- 
terfacing Section). Both the CPU clock rate and 
the SCC clock rate will affect the Write Recove- 
ry time. 

3. Ensure Mode bits are not changed when writing 
Commands. (Register Overview page 75). Each 
Mode bit affects only one function and a Com- 
mand bit entry requires a rewrite of the entire re- 
gister ; therefore, care must be taken to insure 
the integrity of the Mode bits whenever a new 
command is issued. 

4. Dat a must be valid prior to falling edge of WR or 
DS. 



Temperature Range 
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(Ordering Information at the end of the datasheet) 



Figure 1 : Logic Functions. 
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CAPABILITIES 

■ Two independent full-duplex channels. 

■ Synch ronous/isosynchronous data rates : 

- Up to 1/4 of the PCLK (i.e., 1 Mbit/sec. maxi- 
mum data rate with 4 MHz PCLK. Using ex- 
ternal phase-lock loop. 

- Up to 375 Kbit/sec. with a 6 MHz clock rate. 
Up to 250 Kbit/sec. with a 4 MHz clock rate 
(FM encoding using digital phase-iocked 
loop). 

- Up to 1 87.5 Kbit/sec. with a 6 MHz clock rate 
Up to 125 Kbit/sec. with a 4 MHz clock rate 
(NRZI encoding using digital phase-locked 
loop). 

■ Asynchronous capabilities : 

- 5, 6, 7, or 8 bits per character 

- 1,1-1/2, or 2 stop bits 

- Odd or even parity 

- Times 1,16, 32, or 64 clock modes 

- Break generation and detection 

- Parity, overrun and framing error detection. 

■ Byte-oriented synchronous capabilities :. 

- Internal or external character synchronization 

- 1 or 2 sync characters (6 or 8 bits/character) 
in separate registers 

- Automatic Cyclic redundancy check (CRC) 
generation/detection. 

■ SDLC/HDLC capabilities : 

- Abort sequence generation and checking 

- Automatic zero insertion and deletion 

- Automatic flag insertion between messages 

- Address field recognition 

- l-field residue handling 

- CRC generation/detection 

- SDLC loop mode with EOP recognition/loop 
entry and exit. 

■ Receiver data registers quadruply buffered. 
Transmitter data registered double buffered. 

■ NRZ, NRZI, or FM encoding/decoding. 

■ Baud-rate generator in each channel. 

■ Digital phase-locked loop for clock recovery. 

■ Crystal oscillator. 



GENERAL DESCRIPTION 

The SCC Serial Communications Controller is a 
dual-channel, multiprotocol data communications 
peripheral designed for use with 8-bit and 16~bit 
microprocessors. The SCC functions as a serial-to- 
parallel, parallel-to-serial converter/controller. The 
SCC can be software-configured to satisfy a wide 
variety of serial communications applications. The 
device contains a variety of new, sophisticated in- 
ternal functions including on-chip baud rate gene- 
rators, digital phase-lock loops, and crystal oscilla- 
tors, which dramatically reduce the need for exter- 
nal logic. 

The SCC handles asynchronous formats, Synchro- 
nous byte-oriented protocols such as IBM Bisync, 
and Synchronous bit-oriented protocols such as 
HDLC and IBM SDLC. This versatile device sup- 
ports virtually any serial data transfer application (te- 
lecommunications, cassette, diskette, tape drivers, 
etc.). 

The device can generate and check CRC codes in 
any Synchronous mode and can be programmed to 
check data integrity in various modes. The SCC al- 
so has facilities for modem controls in both chan- 
nels. In applications where these controls are not 
needed, the modem controls can be used for gene- 
ral-purpose I/O, 

With access to 14 Write registers and 7 Read regis- 
ters per channel, the user can configure the SCC so 
that it can handle all asynchronous formats regar- 
dless of data size, number of stop bits, or parity re- 
quirements. The SCC accommodates all synchro- 
nous formats including character, byte, and bit- 
oriented protocols. 

Within each operating mode, the SCC also allows 
for protocol variations by checking odd or even pa- 
rity bits, character insertion or deletion, CRC gene- 
ration and checking/break and abort generation and 
detection, and many other protocol-dependent fea- 
tures. 

The SCC Z8530 is designed for non-multiplexed 
buses and is easily interfaced to CPUs such as the 
8080, Z80, 6800, 68000 and *Multibus. 
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GENERAL DESCRIPTION (cont'd) 

Figure 2 and Figure 5 show block diagrams of the 
SCC. Received data enters the receive data pins 
and follows one of several data paths, depending 
on the state of the control logic. The contents of the 
registers and the state of the external control pins 
establish the internal control logic. Transmitted da- 
ta follows a similar pattern of control, register, and 
external pin definition. 

PIN DESCRIPTIONS 

The SCC pins are divided into seven functional 
groups : Address/Data, Bus Timing and Reset, De- 
vice Control, Interrupt, Serial Data (both channels), 
Peripheral Control (both channels), and Clocks 
(both channels). Figures 3 and 4 show the Pin Confi- 

Figure 2 : SCC Block Diagram. 



guration in both the proposed packages, Dual in 
Line and Chip Carrier. 

The Address/Data group consists of the bidirectio- 
nal lines used to transfer data between the CPU and 
the SCC. The direction of these lines depends on 
whether the SCC is selected and whether the ope- 
ration is a Read or a Write. 

The Timing and Control groups designate the type 
of transaction to occur and when this transaction will 
occur. The Interrupt group provides inputs and out- 
puts to conform to the bus specifications for han- 
dling and prioritizing interrupts. The remaining 
groups are divided into Channel A and Channel B 
groups for serial data (transmit or receive), periphe- 
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PIN DESCRIPTION (cont'd) 

ral control (such as DMA or modem), and the input 
and output lines for the receive and transmit clocks. 

Here below are described the pin functions of the 
Z8530 Serial Communications Controller. 

A/ B. Channel A/Channel B Select (input, Channel A 
active HIGH). This signal selects the channel in 
which the Read or Write operation occurs. 

CE. Chip Enable (input, active LOW). This signal se- 
lects the SCC for operation. It must remain active 
throughout the bus transaction. 

D0-D7. Data Lines (bidirectional, 3-state). These I/O 
lines carry data or control information to and from 
the SCC. 

D/C. Data/Control (input, Data active HIGH). This 
signal defines the type of information transfer per- 
formed by the SCC : data or control. 

RD„ Read (input, Active LOW). This signal indicates 
a Read operation and when the SCC is selected, 
enables the SCC bus drivers. During the interrupt 
acknowledge cycle, this signal gates the interrupt 
vector onto the bus if the SCC is the highest priori- 
ty device requesting an interrupt. 

WR. Write (input, active LOW). When the SCC is 
selected, this signal indicates a Write operation. The 
coincidence of RD and WR is interpreted as a Re- 
set. 



CTSA, CTSB. Clear to Send (inputs, active LOW). 
If these pins are programmed as auto enables, a 
LOW on these inputs enables the respective trans- 
mitters. If not programmed as auto enables, they 
may be used as general-purpose inputs. Both inputs 
are Schmitt-trigger buffered to accommodate slow 
rise-time inputs. The SCC detects transitions on 
these inputs and can interrupt the CPU on either lo- 
gic level transitions. 



DCDA, DCDB. Data Carrier Detect (inputs, active 
LOW). These pins function as receiver enables if 
they are programmed as auto enable bits ; other- 
wise they may be used as general-purpose input 
pins. Both pins are Schmitt-trigger buffered to acco- 
modate slow rise-time signals. The SCC detects 
transitions on these pins and can interrupt the CPU 
on either logic level transitions. 



DTR/ REQA, DTR/ REQB. Data Carrier Detect (in- 
puts, active LOW). These pins function as receiver 
enables if they are programmed into the DTR bit. 
They can also be used as general-purpose outputs 
(transmit) or as request lines for the DMA controller. 
The SCC allows full duplex DMA transfers. 

IEI. Interrupt Enable In (input, active HIGH). I El is 
used with IEO to form an interrupt daisy chain when 
there is more than one interrupt-d riven device. A 
HIGH on IEI indicates that no other higher priority 



Figure 3 : DIP Pin Connections. 



Figure 4 : Chip Carrier Pin Connection. 
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PIN DESCRIPTION (cont'd) 

device has an Interrupt Under Service (IUS) or is re- 
questing an interrupt. 

IEO. Interrupt Enable Out (output, active HIGH). IEO 
is HIGH only if IEI is HIGH and the CPU is not ser- 
vicing an SCC or SCC interrupt, or the controller is 
not requesting an interrupt (interrupt acknowledge 
cycle only). IEO is connected to the next lower prio- 
rity device's IEI input and thus inhibits interrupts from 
lower priority devices. 

INTACK. Interrupt Acknowledge (input, active 
LOW). This signal indicates an active interrupt ac- 
knowledge cycle. During this cycle, the interrupt dai- 
sy chain settles. When RD or DS becomes active, 
the SCC place s an inte rrupt vector on the data bus 
(if lEHs HIGH). INTACK is latched by the rising edge 
of A S or PCLK. 

INT. Interrupt Request (output, open-drain, active 
LOW). This signal is activated when the SCC is re- 
questing an interrupt. 

PCLK. Clock (input). This is the master clock used 
to synchronize internal signals. PCLK is not requi- 
red to have any phase relationship with the master 
system clock. PCLK is a TTL level signal. 

RTSA, RTSB. Request to Send (outputs, active 
LOW). When the Request to Send (RTS) bit in Write 
Register 5 (Figure 48) is set, the RTS signal goes 
LOW. When the RTS bit is reset in the Asynchro- 
nous mode and auto enables is on, the signal goes 
HIGH after the transmitter is empty. In Synchronous 
mode or in A synchronous mode with auto enables 
off, the RTS pins strictly follow the state of the RTS 
bit. Both pins can be used as general-purpose out- 
puts. 

RTxCA, RTxCB. Receive/ Transmit Clocks (inputs, 
active LOW). The functions of thes e pins are under 
program control. In each channel, RTxC may sup- 
ply the receive clock, the transmit clock, the clock 
for the baud rate generator, or the clock for the di- 
gital phase-locked loop (refer to Section 4 for bit 
configurations). This pi ns can also be programmed 
for use the respective SYNC pins as a crystal os- 
cillator. The receive clock may be 1 , 1 6, 32, or 64 
times the data rate in asynchronous modes. 

RxDA, RxDB. Receive Data (inputs, active HIGH). 
These input signals receive serial data at standard 
TTL levels. 



SYNCA, SYNCB. Synchronization (inputs/outputs, 
active LOW). These pins can act as either inputs, 
outputs, or as part of the crystal oscillator circuit. In 
the Asynchronous Receive mode (crystal oscillator 
optio n not selec ted), these pins are inputs similar to 
CTS and DCD. In this mode, transitions on these 
lines affect the state of the Sync/ Hunt status bits in 
Read Register (Figure 59), but have no other func- 
tion. 

In External Synchronization mode with the crystal 
oscillator not s elected , these lines also act as inputs. 
In this mode, SYNC must be driven LOW two re- 
ceive clock cycles after the last bit in the sync cha- 
racter is received. Character assembly begins on 
the rising edge of the re ceive cl ock immediately pre- 
ceding the activation of SYNC. 

In the Internal Synchronization mode, (Monosync 
and Bisync) with the crystal oscillator not selected, 
these pins act as outputs and are active only during 
the part of the receive clock cycle in which sync cha- 
racters are recognized. The sync condition is not lat- 
ched, so these outputs are active each time a sync 
character is recognized (regardless of character 
boundaries). In SDLC mode, these pins act as out- 
puts and are valid on receipt of a flag. 



TRxCA, TRxCB. Transmit/ Receive Clocks (inputs 
or outputs, active LOW). The functi ons of these pins 
are under program control. TRxC may supply the 
receive clock or the transmit clock in the Input mode 
or supply the output of the digital phase-locked loop, 
the crystal oscillator, the baud rate generator, or the 
transmit clock in the output mode. (Refer to Sec- 
tion 4 for bit configuration). 

TxDA, TxDB. Transmit Data (outputs, active HIGH). 
This output signal transmits serial data at standard 
TTL levels. 



W/ REQA, W/ REQB. Wait/ Request (outputs, open 
drain when programmed for Wait function, driven 
HIGH or LOW when programmed for a Request 
function). These dual-purpose outputs can be pro- 
grammed as Request (receive) lines for a DMA con- 
troller or as Wait lines to synchronize the CPU to the 
SCC data rate. The reset state is Wait. The SCC al- 
lows full duplex DMA transfer. 



&n 



SGS-THOMSON 

BflDlCniSlELJaBiniBlQflDCS 



5/93 



531 



Z8530 



OVERVIEW 

The SCC Internal structure provides all the interrupt 
and control logic necessary to interface with non- 
multiplexed bus. Interface logic is also provided to 
monitor modem or peripheral control inputs and out- 
puts. All of the control signals are general purpose 
and can be applied to various peripheral devices as 
well as used for modem control. 

The center for data activity revolves around the in- 
ternal read and write registers. The programming of 
these registers provides the SCC with functional 
"personality" ; i.e., register values can be assigned 
before or during program sequencing to determine 
how the SCC will establish a given communication 
protocol. 

Register Functions 

All modes of communication are established by the 
bit values of the write registers. As data is received 
or transmitted, read register values may change. 
These changed values can promote software action 
or internal hardware action for further register 
changes. 

The register set for each channel includes 14 write 
registers and seven read registers. Ten write regis- 
ters are used for control, two for sync character ge- 
neration, and two for baud rate generation. In addi- 
tion there are two write registers which are shared 
by both channels ; one is the interrupt vector regis- 
ter and one is the master interrupt control and reset 
register. Four read registers indicate status informa- 
tion, two are for baud rate generation, and one for 
the receive buffer. In addition there are two read re- 
gisters which are shared by both channels ; one for 
the interrupt pending bits and one for interrupt vec- 
tor. 

Table 1 lists the assigned functions for each read 
and write register. The SCC contains only one WR2 
(interrupt vector) and one WR9 (master interrupt 
control). Both registers are accessed and shared by 
either channel. Chapter 7 provides a detailed bit le- 
gend and description of each register. 



Table 1 : Register Set. 



Read Register Fyoetions 


RRO 


Transmits Receive buffer status, and Ex- 




ternal status 


RR1 


Special Receive Condition status, residue 




codes, error conditions 


RR2 


Modified (Channel B only) interrupt vec- 




tor and Unmodified interrupt vector 




(Channel A only) 


RR3 


Interrupt Pending bits (Channel A only) 


RR8 


Receive buffer 


RR10 


Miscellaneous XMTR, RCVR status para- 




meters 


RR12 


Lower byte of baud rate generator time 




constant 


RR13 


Upper byte of baud rate generator time 




constant 


RR15 


External / Status interrupt control informa- 




tion 


Write Register Fysi©tions 



WRO Command Register, CRC initialization re- 
sets for various modes 

WR1 Interrupt conditions, Wait / DMA request 
control 

WR2 Interrupt vector (access through either 
channel) 

WR3 Receive / Control parameters, number of 
bits per character, RxCRC enable 

WR4 Transmit / Receive miscellaneous para- 
meters and codes, clock rate, number of 
sync characters, stop bits, parity 

WR5 Transmit parameters and control, number 
of Tx bits per character, TxCRC enable 

WR6 Sync character (1 st byte) or SDLC flag 

WR8 Transmit buffer 

WR9 Master interrupt control and reset (acces- 
sed through either channel), reset bits, 
control interrupt daisy chain 

WR10 Miscellaneous transmitter/receiver con- 
trol bits, NRZI, NRZ, FM encoding, 
CRC reset 

WR1 1 Clock mode control, source of Rx and Tx 
clocks 

WR1 2 Lower byte of baud rate generator time 
constant 

WR1 3 Upper byte of baud rate generator time 
constant 

WR14 Miscellaneous control bits : baud rate 
generator, Phase-Locked Loop control, 
auto echo, local loopback 

WR1 4 External/ Status interrupt control informa- 
tion-control external conditions causing 
interrupts 
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OVERVIEW (cont'd) 

Data Paths 

Figure 6 illustrates the data paths involved in the six 
major areas of the SCC : 

e Transmitter 

d Receiver 

a Baud rate generator 

e DPLL 

a Clocking options 

m Data encoding 
All communication modes are established by pro- 
gramming the write registers. As data is received or 
transmitted, read register values may change, alte- 
ring the direction of the data path. These changed 
values can promote software action or internal hard- 
ware action for further register changes. 

Transmitter. The transmitter has an 8-bit Transmit 
Data register (WR8) loaded from the internal data 
bus and a Transmit Shift register loaded from either 
WR6, WR7, or the Transmit Data register. In byte- 
oriented modes, WR6 and WR7 can be program- 
med with sync characters. In Monosync mode, an 
8-bit or 6-bit sync character is used (WR6), whereas 
a 1 6-bit sync character is used (WR6 and WR7) in 
Bisync mode. In bit-oriented synchronous modes, 
the flag contained in WR7 is loaded into the Trans- 
mit Shift register at the beginning and end of a mes- 
sage. 

If asynchronous data is processed, WR6 and WR7 
are not used and the Transmit Shift register is for- 
matted with start and stop bits shifted out to the 
transmit multiplexer at the selected clock rate. Syn- 
chronous data (except SDLC/HDLC) is shifted to the 
CRC generator as well as to the transmit multiplexer. 

SDLC/HDLC data is shifted to the CRC Generator 
and out through the zero insertion logic (which is di- 
sabled while the flags are being sent). A "0" is inser- 
ted in ail address, control, information, and frame 
check fields following five contiguous "1 s" in the da- 
ta stream. The result of the CRC generator for SDLC 
data is also routed through the zero insertion logic 
and then to the transmit multiplexer. 

Receiver. The receiver has a three deep 8-bit Data 
FIFO (paired with an 8-bit Error FIFO), and an 8-bit 
shift register. This arrangement creates a 3-byte de- 
lay time, which allows the CPU time to service an in- 
terrupt at the beginning of a block of high-speed da- 
ta. With each Receive Data FIFO, the error FIFO 
stores parity and framing errors and other types of 
status information. The error FIFO is readable in 
Read Register 1 . 

Incoming data is routed through one of several paths 
depending on the mode and character length. In 



Asynchronous mode, serial data enters the 3-bit de- 
lay (Figure 5) if the character length of seven or eight 
bits is selected. If a character length of five or six bits 
is selected, data enters the receive shift register di- 
rectly. 

In synchronous modes, the data path is determined 
by the phase of the receive process currently in ope- 
ration. A synchronous receive operation begins with 
a hunt phase in which a bit pattern that matches the 
programmed sync characters (6-bit, 8-bit, or 16-bit 
is searched). 

The incoming data then passes through the Sync re- 
gister and is compared to a sync character stored in 
WR6 or WR7 (depending on which mode it is in). 
The monosync mode matches the sync character 
programmed in WR7 and the character assembled 
in the Receive Sync register to establish synchroni- 
zation. 

Synchronization is achieved differently in the Bisync 
mode. Incoming data is shifted to the Receive Shift 
register while the next eight bits of the message are 
assembled in the Receive Sync register. If these two 
characters match the programmed characters in 
WR6 and WR7, synchronization is established. In- 
coming data can then bypass the Receive Sync re- 
gister and enter the 3-bit delay directly. 

The SDLC mode of operation uses the Receive 
Sync register to monitor the receive data stream and 
to perform zero deletion when necessary ; i.e., when 
five continuous "1 s" are received, the sixth bit is ins- 
pected and deleted from the data stream if it is "0". 
The seventh bit is inspected only if the sixth bit 
equals one. If the seventh bit is "0", a flag sequence 
has been received and the receiver is synchronized 
to that flag. If the seventh bit is a "1 ", an abort or an 
EOP (End Off Poll) is recognized, depending on the 
selection of either the normal SDLC mode or SDLC 
Loop mode. 

The same path is taken by incoming data for both 
SDLC modes. The reformatted data enters the 3-bit 
delay and is transferred to the Receive Shift regis- 
ter. The SDLC receive operation begins in the hunt 
phase by attempting to match the assembled cha- 
racter in the Receive Shift Register with the flag pat- 
tern in WR7. Then the flag character is recognized, 
subsequent data is routed through the same path, 
regardless of character length. 

Either the CRC - 16 or CRC - SDLC cyclic redun- 
dancy check (CRC) polynomial can be used for both 
Monosync and Bisync modes, but only the CRC - 
SDLC polynomial is used for SDLC operation. The 
data path taken for each mode is also different. 
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OVERVIEW (cont'd) 

Bisync protocol is a byte-oriented operation that re- 
quires the CPU to decide whether or not a data cha- 
racter is to be included in CRC calculation. An 8-bit 
delay in all synchronous modes except SDLC is al- 
lowed for this process. In SDLC mode, all bytes are 
included in the CRC calculation. 

Baud Rate Generator. Each channel in the SCC 
contains a programmable baud rate gene-rator. 
Each generator consists of two 8-bit, time-constant 
registers forming a 16-bit time constant, a 16-bit 
down counter, and a flip-flop on the output that 
makes the output a square wave. On start-up, the 
flip-flop on the output is set High so that it starts in a 
known state, the value in the time-constant register 
is again loaded into the counter, and the counter be- 
gins counting down. When a count of zero is rea- 
ched, the output of the baud rate generator toggles, 
the value in the time-constant register is loaded in- 
to the counter, and the process starts over. The time 
constant can be changed at any time, but the new 
value does not take effect until the next load of the 
counter. 

No attempt is made to synchronize the loading of a 
new time constant with the clock used to drive the 
generator. When the time constant is to be changed, 
the generator should be stopped by writing to an en- 
Figure 6 : Data Encoding Methods. 



Z8530 



able bit in WR14. This ensures the loading of the 
correct time constant. 

If neither the transmit clock nor t he rece ive clock are 
programmed to come from the TRXC pin, the out- 
put of the baud rate gener ator ma y be made availa- 
ble for external use on the TRXC pin. 

Digital Phase-locked Loop (DPLL). The SCC 
contains a digital phase-locked loop that can be 
used to recover clock information from a data stream 
with NRZI or FM coding. The DPLL is driven by a 
clock nominally 32 (NRZI) or 16 (FM) times the da- 
ta rate. The DPLL uses this clock, along with the da- 
ta stream, to construct a receive clock for the data. 
This clock can then be used as the SCC receive 
clock, the transmit clock, or both. 

Clocking Options. The SCC can select several 
clock sources for internal and external use. Write 
Register 1 1 is the Clock Mode Control register for 
both the receive and tra nsmit c loc ks. It de termines 
the type of signal o n the S YNC and RTxC pins and 
the direction of the TRxC pin. 

Write Register 1 1 also controls the output of the 
baud rate generator, the DPLL output, and t he se- 
lection of either a TT1 or XTAL output for the RTxC 
pin. 
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OVERVIEW (cont'd) 

Data Encoding. Figure 6 illustrates the four enco- 
ding methods used by the SCC. In NRZ encoding, 
a "1" is represented by a High level and a "0" is rep- 
resented by a Low level. In NRZS encoding, a "1" is 
represented by no change in level and a "0" is rep- 
resented by a change in level. In FM1 (more pro- 
perly, biphase mark), a transition occurs at the be- 
ginning of every bit cell. A "1 " is represented by an 
additional transition at the center of the bit cell and 
a "0" is represented by the absence of a tran-sition 
at the center of the bit cell. In FMO (more properly, 
biphase space), a transition occurs at the beginning 
of every bit cell. A "0" is represented by an additio- 
nal transition at the center of the bit cell and a "1 " is 
represented by the absence of a transition at the 
center of the bit cell. 

In addition to these four methods, the SCC can be 
used to decode Manchester (biphase level) data by 
using the DPLL in the FM mode and programming 
the receiver for NRZ data. Manchester encoding al- 
ways produces a transition at the center of the bit 
cell. If the transition is Low to High, the bit is "0". If 
the transition is High to Low, the bit is "1". 

Data Communications Capabilities 

SCC logic handles all asynchronous, byte-oriented 
synchronous, and bit-oriented synchronous modes 
of operation. The following section briefly describes 
asynchronous, synchronous, and SDLC modes of 
communication. 

Asynchronous. Figure 7 represents atypical asyn- 
chronous message format using one start bit, seven 
data bits, one parity bit, and one stop bit. A start bit 
is a High-to-Low transition detected by an asynchro- 
nous receiver and is actually an information bit no- 
tifying the receiver of an incoming message. 



The start bit also initiates a clock circuit to provide 
latching pulses during expected data bit intervals. 
The parity bit is provided for error checking. The pa- 
rity bit is calculated in both the receiver and the 



transmitter ; the two results are compared to ensure 
that the expected and the actual bit values match. 
The stop bit returns the message unit to the quies- 
cent marking state ; i.e., a constant high state condi- 
tion lasts until the next High-to-Low start bit indi- 
cates an incoming data byte. During reception, the 
start and stop bits are stripped away and checked 
for errors, leaving only the working data for CPU in- 
teraction. The number of selected bits for each 
asynchronous function may differ between the 
transmitter and the receiver. 

SVSonosync Mode. Monosync and Bisync modes re- 
quire clocking information to be transmitted along 
with the data either by a method of encoding data 
that contains clocking information, or by a modem 
that encodes or decodes clock information in the 
modulation process. 

Start and stop bits are not required in synchronous 
modes. All bits are used to transmit data. This eli- 
minates the "waste" characteristic of asynchronous 
communication. 

Figure 8 shows the character format for synchro- 
nous transmission. For example, bits 1-8 might be 
one character and bits 9-13 part of another charac- 
ter ; or bit 1 might be part of one character, bits 2-9 
part of a second character, and bits 10-13 part of a 
third character. The framing (where each character 
begins) of each character is accomplished by defi- 
ning a synchronization character, commonly called 
a "sync character". 

The CPU places the receiver in Hunt mode when- 
ever transmission begins (or whenever a data dro- 
pout has occurred and the hardware determines 
that resynchronization is necessary). In Hunt mode, 
the receiver shifts a bit into the Receive Shift regis- 
ter and compares the contents of the Receive Shift 
register and with the sync character (stored in ano- 
ther register), repeating the process until a match 
occurs. When a match occurs, the receiver begins 
transferring bytes to the receive FIFO. 



Figure 7 : Asynchronous Message Format. 
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OVERVIEW (cont'd) 

Bisynchronous Mode. The Bisync mode of opera- 
tion (Figure 9) is similar to the Monosync mode, ex- 
cept that two sync characters are provided instead 
of one. Bisync attemps a more structured approach 
to synchronization through the use of special cha- 
racters as message "headers" or "trailers". A detai- 
led description of IBM's Bisync can be foundfin 
McNamara's Book (See Preface). 

External Sync Mode. External Sync mode (Figu- 
re 10) eliminates the use of sync characters in the 
serial data stream by providing an external sync si- 
gnal to mark the beginning of a data field ; i.e., an 
external input pin (Sync) waits for an active state 
change to indicate the beginning of an information 
field. 

SDLC Mode. Synchronous Data Link Control mode 
(SDLC) uses synchronization characters similar to 
Bisync and Monosync modes (such as flags and pad 
characters), but it is a bit-oriented protocol instead 
of byte-oriented protocol. 

Any data communication link involves at least two 
stations. The station that is responsible for the data 
link and issues the commands to control the link is 
called the "primary station". The other station is a 
"secondary station". Not all information transfers 
need to be initiated by a primary station. In SDLC 
mode, a secondary station can be the initiator. 

The basic format for SDLC is a "frame" (Figu- 
re 1 1).The information field is not restricted in format 
or content and can be of any reasonable length (in- 
cluding zero). Its maximum length is that which can 
be expected to arrive at the receiver error-free most 
of time. Hence, the determination of maximum length 
is a function of communication channel error rate. 

Figure 8 : Monosync Data Character Format. 



The two flags that delineate the SDLC frame serve 
as reference points when positioning the address 
and control fields, and they initiate the transmission 
error check. The ending flag indicates to the recei- 
ving station that the 1 6 bits just received constitute 
the frame check. The ending flag could be followed 
by another frame, another flag, or an idle. This 
means that when two frames fallow one another, the 
intervening flag may simultaneously be the ending 
flag of the first frame and the begin-ning flag of the 
next frame. Since the SDLC mode does not use cha- 
racters of defined length, but rather works on a bit- 
by-bit basis, the 01 1 1 1 1 10 (7EH) flag can be reco- 
gnized at any time. 

To ensure that the flag is not sent accidentally, 
SDLC procedures require a binary "0" to be inser- 
ted by the transmitter after the transmission of any 
five contiguous "1s". The receiver then removes the 
"0" following a received succession of five "1s". In- 
serted and removed "0s" are not included in the CRC 
calculation. 

The address field is 8 bits long and designates the 
number of secondary station to which the com- 
mands or data from the primary station are sent.The 
control field is eight bits long and is used to initiate 
all SDLC activities. 

The SCC can also serve the High-level synchronous 
Data Link Communication (HDLC) protocol, which 
is identical to SDLC except for differences in fra- 
ming. 

SDLC Loop Mode. The SCC supports SDLC Loop 
mode in addition to normal SDLC. SDLC Loop mode 
is very similar to normal SDLC but is usually used in 
application where a point-to-point network is not ap- 
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OVERVIEW (cont'd) 

propriate (for example, Point-Of-Sale terminals). In 
an SDLC Loop there is a primary station, called the 
controller, that manages the message traffic flow on 
the loop, and there are any number of secondary 
stations. 

A secondary station in an SDLC loop is always lis- 
tening to the messages being sent around the loop, 
and must pass these messages to the rest of the 
loop by retransmitting them with a one-bit-time de- 
lay. The secondary station can only place its own 
message on the loop at specific times. The control- 
ler signals that secondary stations may transmit 
messages by sending a special character, called an 
EOP (End of Poll), around the loop. The EOP cha- 
racter is the bit pattern 11111110. Because of zero 
insertion during messages this bit pattern is unique 
and thus is easily recognized. 

When a secondary station has a message to trans- 
mit and it recognizes an EOP on the line , the first 
thing that it does is to change the last 1 or the EOP 
to a "0" before transmitting it. This turns the EOP in- 
to a Flag sequence. The secondary station now 
places its message on the loop and terminates its 
message with an EOP. Any secondary stations fur- 
ther down the loop with messages to transmit can 



then append its message to the message of the first 
secondary station by the same process. All secon- 
dary stations without messages to send merely 
echo the incoming messages and are prohibited 
from placing messages on the loop, except upon re- 
cognizing an EOP. 

There are also restrictions as to when and how a se- 
condary station physically becomes part of the loop. 
A secondary station that has just powered up must 
monitor the loop, without the one-bit-time delay, un- 
til it recognizes an EOP. When an EOP is recogni- 
zed the one-bit-time delay is switched on. This does 
not disturb the loop because the line is marking idle 
between the time that the controller sends the EOP 
and the time that it receives the EOP back. The se- 
condary station that has gone on-loop cannot place 
a message on the loop until the next time that an 
EOP is issued by the controller. A secondary station 
goes off-loop in a similar manner. When given a 
command to go off-loop, the secondary station waits 
until the next EOP to remove the one-bit-time delay. 

To operate the SCC in SDLC Loop mode, the SCC 
must first be programmed just as if normal SDLC 
were to be used. Loop mode is then selected by wri- 
ting the appropriate control word in WR} 0. The SCC 



Figure 9 : Bisynchronous Message Format. 
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OVERVIEW (cont'd) 

is now waiting for the EOP so that it can go on loop. 
While waiting for the EOP, the SCC ties TxD to RxD 
with only the internal gate delays in the signal path. 
When the first EOP is recognized by the SCC, the 
Break/Abort/EOP bit is set in RRO, generating an 
External/Status interrupt (if so enabled). At the same 
time, the On-Loop bit in RR1 is set to indicate that 
the SCC is indeed on-loop, and a one-bit time delay 
is inserted in the TxD to the RxD patch. 

The SCC is now on-loop but cannot transmit a mes- 
sage until a flag and the next EOP are received. The 
requirement that a flag be received ensures that the 
SCC cannot erroneously send messages until the 
controller ends the current polling sequence and 
starts another one. 

A secondary station on the loop is prohibited from 
transmitting a message during a polling sequence 
unless it captures the line at the moment the EOP 
passes by. The SCC does this automatically. If the 
CPU in the secondary station with SCC needs to 
transmit a message, the Go-Active-On-Poll bit in 
WR1 must be set. If this bit is set when the EOP is 
detected, the SCC changes the EOP to a flag and 
starts sending another flag. The EOP is reported in 
the Break/Abort/EOP bit in RRO and the CPU should 
write its data bytes to the SCC, just as in normal 
SDLC frame transmission. When the frame is com- 
plete and CRC has been sent, the SCC closes with 
a flag and reverts to One-Bit-Delay mode. The last 
zero of the flag, along with the marking line echoed 
from the RxD pin, form an EOP for secondary sta- 
tions further down the loop. If the Go-Active-On-Poil 
bit is not set at the time the EOP passes by, the SCC 
cannot send a message until a flag (terminating the 
current polling sequence) and another EOP are re- 
ceived. While the SCC is actually transmitting a mes- 
sage, the loop-sending bit in R1 is set to indicate 
this. 

If SDLC loop is de-selected, the SCC is designed to 
exit from the loop gracefully . When SDLC Loop 
mode is de-selected by writing to WR10, the SCC 
waits until the next polling cycle to remove the on- 
bit time delay. If a polling cycle is in progress at the 
time the command is written, the SCC finishes sen- 
ding any message that it may be transmitting, ends 
with an EOP, and disconnects TxD from RxD. If no 
message was in progress, the SCC immediately dis- 
connects TxD from RxD. To ensure proper loop ope- 
ration after the SCC goes off the loop, and until the 
external relays take the SCC completely out of the 
loop, the SCC should be programmed for Mark idle 
instead of Flag idle. When the SCC goes off the loop, 
the On-Loop bit is reset. 



The SCC allows the user the option of using NRZI 
in SDLC Loop mode by programming WR20 appro- 
priately. With NRZI encoding, the outputs of secon- 
dary stations in the loop may be inverted from their 
inputs because of messages that they have trans- 
mitted. Removing the stations from the loop (remo- 
ving the one-bit time delay) may cause problems fur- 
ther down the loop because of extraneous transi- 
tions on the line. The SCC avoids this problem by 
making transparent adjustements at the end of each 
frame it sends in response to an EOP. A response 
frame from the SCC is terminated by a flag and an 
EOP. Normally, the flag and the EOP share a zero, 
but if such sharing would cause the RxD and TxD 
pins to be of opposite polarity after the EOP, the 
SCC adds another zero between the flag and the 
EOP. This causes an extra line transition so that RxD 
and TxD are identical after the EOP is sent. This ex- 
tra zero is completely transparent because it only 
means that the flag and the EOP no longer share a 
zero. All that a proper loop exit needs, therefore, is 
the removal of the one-bit time delay. 

I/O Capabilities. 

The SCC can work with three basic forms of I/O ope- 
rations : polling, interrupts, and block transfer. All 
three I/O types involve register manipulation during 
initialization and data transfer. 

Polling. During a polling sequence, the status of 
Read Register is examined in each channel. This 
register indicates whether or not a receive or trans- 
mit data transfer is needed and whether or not any 
special conditions are present, e.g., errors. 

This method of I/O transfer avoids interrupts. All in- 
terrupt functions must be disabled in order to ope- 
rate the device in a polled environment. With no in- 
terrupts enabled, this mode of operation must initiate 
a read cycle of Read Register to detect an inco- 
ming character before jumping to a data handler rou- 
tine. 

Interrupts. The SCC provides interrupt capability 
through the use of pins and a hardware scheme that 
enhances the maximum speed of serial data. Whe- 
neverthe interrupt (INT) pin is active, the SCC is rea- 
dy to transfer data. 

Read and write registers are programmed so that an 
interrupt vector points to an interrupt service routine. 
The interrupt vector can also be modified to reflect 
various status conditions. Therefore, as many as 
eight different interrupt routines can be referenced. 

Transmit interrupts, receive interrupts, and exter- 
nal/status interrupts are the main sources of inter- 
rupts. Each interrupt source is enabled under pro- 



5i 



SGS-THOMSON 



13/93 



539 



Z8530 



OVERVIEW (cont'd) 

gram control, with channel A having a higher priori- 
ty than channel B and with receive, transmit, and ex- 
ternal/status interrupts prioritized respectively within 
each channel. 

Block Transfers. The SCC provides a Block Trans- 
fer mode to accommodate CPU block transfer func- 
tions and DM A con trollers. The Block Transfer mode 
uses the W/REQ output in conjunction with the 
Wait/Request bits in Write Register 1 . 



The W /REQ output can be defined by software as a 
WAIT line i n the CPU Block Transfer mode or as a 
REQUEST line in the DMA Block Transfer mode. 

To a DMA controller, the SCC REQUEST output in- 
dicates that the SCC is ready to transf er data to or 
from memory. To the CPU, the WAIT output indi- 
cates that the SCC is not ready to transfer data, the- 
reby requesting the CPU to extend the I/O cycle. 

INTERFACING THE SCC 

This section covers the details of interfacing the 
Z8530 to a system. The general timing requirements 
for the device are described in the hardware infor- 
mation section. 

Interfacing the Z8530 

Two control signals, RD and WR, are used by the 
Z8530 to time bus transactions. In addi tion, fou r 
other control signals, CE, D/ C, A/ B and INTACK, 
are used to control the type of bus transaction that 
will occur. A bus transaction start when the ad- 
dresses on D/ C and A/ B are asserted before RD 
orWR fall. The coincidence_pf CE and RD or CE and 
WR latches the state of D/Cand A/ B and starts the 
internal operation. The INTACK signal must have 
been previously sampled High by a rising edge of 
PCLK for a read or w rite cycle to occur. In addition 
to sampling INTACK, PCLK is used by the interrupt 
section to set the IP bits. The Z8530 generates in- 
ternal control signals in response to a register ac- 
cess. Since RD and WR have no phase relationship 
with PCLK, the circuitry generating these internal 
control signals provides time for metastable condi- 
tions to disappear. This results in a recovery time re- 
lated to PCLK. This recovery time applies only be- 
tween transactions involving the Z8530, and any in- 
terventing transactions are ignored. This recovery 
time is four PCLK cycles, measured from the falling 
edge of RD or WR in the case of a read or write of 
any register. 



Z8530 Read Cycle Timing. The Read cycle timing 
for the Z853QJS shown in Figure 1 2. The address on 
A / Band D/ C is latched by the coinciden ce of RD 
and CE active. CE must remain LOW and INTACK 
must remain HIGH throughout the cycle. The Z8530 
bus drivers are enabled while CE and RD are both 
LOW. A read with D/ C HIGH does not disturb the 
state of the pointers and a read cycle with D/ C LOW 
resets the pointers to zero after the internal opera- 
tion is complete. 

Z8530 Write Cycle Timing. The Write cycle timing 
for the Z8530Js shown in Figure 1 3. The address on 
A / B and D/ C, as well as the data on D0-D7, is Ja^ 
ched by the coincidenc e of WR and CE active. CE 
must remain LOW and INTACK must remain HIGH 
throughout the cycle. A write cycle with D/ C HIGH 
does not disturb the state of pointers and a write cy- 
cle with D/ C LOW resets the pointers to zero after 
the internal operation is complete. 

Z8530 Interrupt Acknowledge Cycle Timing. The 

interrupt Acknowledge cycle timi ng for the Z8530 is 
shown in Figure 14. The state of I NTACK is latched 
by the rising edgeof PCLK. While INTACK is LOW, 
the state of A/ B, CE, D/ C, and WR are ignored. Bet- 
ween the time INTACK is first sampled LOW and the 
time RD falls, the internal and external I El/ IEO dai- 
sy chains settle ; this is A.C. parameter #38 
TdlAi(RD). If there is an interrupt pending in the 
Z8530, and IEI is HIGH when RD falls, the Interrupt 
Acknowledge cycle was intended for the Z8530. 
This being the case, the Z8530 sets the appropriate 
Interrupt Under Service latch, and places an inter- 
rupt vector on D0-D7. If the falling edge of RD sets 
an IUS bit in the Z8530, the INT pin goes active in 
response to the falling edge. Note that there should 
be only one RD per Acknowledge cycle. Another im- 
portant fact is that the IP bits in the Z8530 are upda- 
ted by PCLK divided by two, and this clock to update 
IPs is stopped while the pointers point to RR2 and 
RR3. This prevents data changing during a read, but 
will delay interrupt requests if the pointers are left 
pointing at these registers. 

Z8530 Register Access. The registers in the Z8530 
are accessed in a two-step process, using a Regis- 
ter Pointer to perform the addressing. To access a 
particular register, the pointer bits must be set by 
writing to WRO the pointer bits may be written in ei- 
ther channel because only one set exists in the 
Z8530. After the pointer bits are set, the next read 
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INTERFACING THE SCC (cont'd) 
orwrite cycle of the Z8530 having D/C LOW will ac- 
cess the desired register. At the conclusion of this 
read or write cycle the pointer bits are reset to "Os", 
so that the next control write will be to the pointers 
in WRO. A read or RR8 (the receive data buffer) or 
a write to WR8 (the transmit data buffer) may either 
be done in_this fashion or by accessing the_Z8530 
having D/Cpin HIGH. A read or write with D/C HIGH 
accesses the data registers directly, and inde- 
pendently, of the state of the pointer bits. This al- 

Figure 12 : Z8530 Read Cycle Timing. 



lows single-cycle access Xb the data registers and 
does not disturb the pointer bits. The fact that the 
pointer bits are reset to "0", unless explicitly set 
otherwise, means that WRO and RRO may also be 
accessed in a single cycle. That is, it is not neces- 
sary to write the pointer bits with "0" before acces- 
sing WRO or RRO. There are three pointer bits in 
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addresses through 7. Note that a command may 
be written to WRO at the same time that the pointer 
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Figure 14 : Z8530 Interrupt Acknowledge Details. 
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INTERFACING THE SCC (cont'd) 
bits are written. To access the registers with ad- 
dresses 8 through 15, a special command must ac- 
company the pointer bits. This precludes concur- 
rently issuing a command when pointing to these re- 
gisters. The register map for the AmZ8530 is shown 
in Table 2. If for some reason, the state of the poin- 
ter bits is unknown they may be reset to "0" by per- 
forming a read cycle with the D/ C pin held LOW. 
Once the pointer bits have been set, the_desired 
channel is selected by the state of the A/ B pin du- 
ring the actual read or write of the desired register. 

Z8530 Reset. The Z8530 may be reset by either 
hardware or software. Hardware reset occurs when 
RD and WR are both LOW, simultaneously, which 
is normally an illegal condition. As long as both RD 
and WR are LOW, the Z8530 recognizes the reset 
condition. Once this condition is removed, however, 
the reset condition is asserted internally for an ad- 
ditional four to five PCLK cycles. During this time 
any attempt to access the Z8530 will be ignored. 
The Z8530 has three software resets, encoded into 
command bits in WR9. There are two channel re- 
sets, which affect only one channel in the device and 
some of the bits in the write registers. The third com- 
mand forces the same result as does a hardware 
reset. As in the case of a hardware reset, the Z8530 
stretches the reset signal an additional four to five 
PCLK cycles beyond the ordinary valid access re- 
covery time. The bits in WR9 may be written at the 
same time as the reset command because these 
bits are affected only by a hardware reset. 



The reset values of the various registers are shown 
in Figure 15. 



Table 2 : Z8530 Register Map. 
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Figure 15 : Z8530 Register Reset Values. 
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I/O PROGRAMMING CAPABILITIES 

Regardless of the version of the SCC, all commu- 
nication modes can use a choice of polling, inter- 
rupt and block transfer. These modes must be se- 
lected by the user to select the proper hardware 
and software required to supply data at the rate 
required. 

Polling 

This is the simpliest mode to implement. The soft- 
ware must poll the SCC to determine when data is 
to be inputted or outputted from the SCC. In this 
mode, MIE (WR9 bit 3), and Wait/ DMA Request En- 
able (WR1 bit 7) are both reset to to disable any 
requests. The software must then poll RRO to deter- 
mine the status of the receive buffer, transmit buf- 
fer and external status. 

Interrupt Operations 

The SCC, as a microprocessor peripheral, will re- 
quest an interrupt only when it needs servicing. This 
allows the CPU to perform other operations while 
the SCC does not need service. The SCC has an 
internal priority resolution method to allow the hi- 
ghest priority interrupt to be serviced first. 

The SCC is flexible with its interrupt method. The in- 
terrupt may be acknowledged with a vector trans- 
ferred, acknowledged without a vector, or not ac- 
knowledged at all. 

Interrupt Without Acknowledge. In this mode, the 
Interrupt Acknowledge signal does not have to be 
generated. This allows a simpler hardware design 
that does not have to meet the Interrupt acknow- 
ledge timing. Soon after the INT goes active, the in- 
terrupt controller will jump to the interrupt routine. In 
the interrupt routine, the code must read RR2 from 
Channel B to read the vector including status. When 
the vector is read from Channel B, it always includes 
the status regardless of the VIS bit (WR9 bit 0). The 
status given will decode the highest priority interrupt 
pending at the time it is read. The vector is not lat- 
ched so that the next read could produce a different 
vector if another interrupt occurs. The register is di- 
sabled from change during the read operation to 
prevent an error if a higher interrupt occurs exactly 
during the read operation. 

Once the status is read, the interrupt routine must 
decode the interrupt pending, and clear the condi- 
tion. Removing the interrupt condition will clear the 
IP and bring INT inactive, as long as there are no 
other IP bits set. For example, writing a character to 
the transmit buffer will clear the transmit buffer emp- 
ty IP. 



When the interrupt IP, decoded from the status, is 
cleared RR2 can be read again. This allows the in- 
terrupt routine to clear all of the IP's within one in- 
terrupt request to the CPU. 

Interrupt With Acknowledge. After the SCC brings 
INT ac tive, the CPU must respond by bringing IN- 
TACK active. After enough time has elapsed to al- 
low the daisy-chain to settle, the SCC will set the 
IUS bit for the highest priority IP. If the No Vector bit 
is not set (WR9 bit 1), the SCC will then place the 
interrupt vector on the data bus during a read. To 
speed the interrupt response time, the SCC can al- 
so modify 3 bits in the vector to indicate status. To 
include the status, the VIS bit (WR9 bit 0) must be 
set. The service routine must then clear the inter- 
rupting condition. For example, writing a character 
to the transmit buffer will clear the transmit buffer 
empty IP. After the interrupting condition is cleared, 
the routine can read RR3 to determine if any other 
IP's are set and clear them. At the end of the inter- 
rupt routine, a Reset IUS command (WRO) must be 
issued to unlock the daisy-chain and allow lower- 
priority interrupt requestes. This is the only way, 
short of a software or hardware reset, that an IUS 
bit may be reset. 

If the No Vector bit (WR9 bit 1 ) is set, the SCC will 
not place the vector on the data bus. An interrupt 
controller must then vector the code to the interrupt 
routine. The interrupt routine must then read RR2 
from Channel B to read the status. This is the same 
as the case of an interrupt without an acknowledge 
except the IUS is set and the vector will not change 
until the Reset IUS command in RRO is issued. 

Interrupt Sources. Each channel in the SCC 
contains 3 sources of interrupt, making a total of 6. 
These 3 sources of interrupts are the receiver, the 
transmitter, and External/ Status conditions. In ad- 
dition, there are several conditions that may cause 
these interrupts. 

The receive interrupt request may either be caused 
by a receive character available or a special condi- 
tion. The receive character available interrupt is ge- 
nerated when a character is loaded into the FIFO 
and is ready to be read. The special conditions are 
receive FIFO overrun, CRC/ tramming error. End 
of frame, and parity. The parity special condition can 
be included as a special condition or not depending 
on bit 2 WR1 . The special condition status can be 
read from RR1 . 

The transmit interrupt request has only one source. 
It can only be set when the transmit buffer goes from 
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I/O PROGRAMMING CAPABILITIES (cont'd) 

full to empty. Note that this means that the transmit 
interrupt will not be set until after the first character 
is written to the SCC. 

The External/ status Interrupts have several sources 
which may be individually enabled in WR15. The 
sources are zero count, DCD, Sync/ Hunt, CTS, 
transmitter underrun/ EOM and Break/ Abort. 

Each source of interrupt in the SCC has three 
control/status bits associated with it. There are In- 
terrupt Enable (IE), Interrupt Pending (IP), and In- 
terrupt Under Service (I US) (see Figure 1 6). The IE 
bit is written by the processor and serves to control 
interrupt requests from the SCC. If the IE bit is set 
for a given source of interrupt, then that source may 
cause an interrupt request when all of the necessa- 
ry conditions are met. If the IE bit is reset, no inter- 
rupt request will be generated by that source. The 
IE bits are write-only in the SCC. The IP bit for a gi- 
ven source of interrupt condition in the SCC and is 
reset directly by the processor, or indirectly by some 
action that the processor may take. If the correspon- 
ding IE bit is not set, the IP bits in the SCC are read- 
only in RR3A. The IUS bits are completely hidden 
from the processor's view. An IUS is set during an 
Interrupt Acknowledge cycle for the highest-priority 
IP. See Table 3 for the interrupt priority. IUS is used 
to control the operation of the interrupt daisy chain 
by masking lower-priority interrupts. At the end of an 
interrupt service routine, the processor must issue 
a Reset Highest IUS command in WRO to allow lo- 
wer-priority interrupts. This is the only way, short of 
a software or hardware reset, that an IUS bit may 
be reset. 

Figure 16 : Peripheral Interrupt Structure. 
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Daisy-chain Priority Resolution. The six sources 
of interrupt in the SCC are prioritized in a fixed or- 
der via a daisy chain ; provision is made, via the IEI 
and IEO pins, for use of an external daisy chain as 
well. All Channel A interrupts are higher-priority than 
any Channel B interrupts, with the receiver, trans- 
mitter, and External/ Status interrupts prioritized in 
that order within each channel. The SCC requests 
an interrupt by pulling the INT pin Low from its open- 
drain state. This is controlled by the IP bits and the 
IEI input, among other things. A flowchart of the in- 
terrupt sequence for the SCC is shown in Figure 1 7. 
The internal daisy chain links the six sources of in- 
terrupt in a fixed order, chaining the IUS bits for each 
source. While an IUS is set, all lower-priority inter- 
rupt requests are masked off ; during an Interrupt 
Acknowledge cycle the IP bits are also gated into 
the daisy chain. This insures that the highest-priori- 
ty IP will be selected to have its IUS set. The inter- 
nal daisy chain may be controlled by the MIE bit in 
WR9. This bit, when reset, has the same effect as 
pulling the IEI pin Low, thus disabling all interrupt re- 
quests. 

External Daisy Chain Operations. The SCC ge- 
nerates an interrupt request by pulling INT Low, but 
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I/O PROGRAMMING CAPABILITIES (cont'd) 

only if such interrupt requests are enabled (IE is 1 , 
MIE is 1), an IP is set without a higher-priority IUS 
being set, or no higher-priority IUS being set, or no 
higher-priority interrupt is being serviced (I El is 
High), or no Interrupt Acknowledge transaction is ta- 
king place. It is not pulled Low by the SCC at this 
time, but instead continues to follow IEI until an In- 
terrupt Acknowledge transaction occurs. Some time 
after INT has been pulled Low, the processor ini- 
tiates an Interrupt Acknowledge transaction. Bet- 
ween the time the SCC recognizes that an Interrupt 
Acknowledge cycle is in progress and the time du- 
ring the acknowledge that the processor requests 
an interrupt vector, the IEI/IEO daisy chain settles. 
Any peripheral in the daisy chain having an Interrupt 
Pending (IP is 1 ) or an Interrupt Under Service (IUS 
is 1) holds its IEO line Low and all others make IEO 
follow IEI. 

When the processor requests an interrupt vector, 
only the highest-priority interrupt source with a pen- 
ding interrupt (IP is 1 ) has its IEI input High, its IE bit 
set to "1 ", and its IUS bit set to "0". This is the inter- 
rupt source being acknowledged, and at this point it 
sets its IUS bit to "1". If its NV bit is "0", the SCC 
identifies itself by placing the interrupt vector from 
WR2 on the data bus. If the NV bit is "1", the SCC 
data bus remains floating, allowing external logic to 
supply a vector. If the VIS bit in the SCC is "1", the 
vector also contains status information, encoded as 
shown in Table 4, which further describes the na- 
ture of the SCC interrupt. If the VIS bit is "0", the vec- 
tor held in WR2 is returned without modification. If 
the SCC is programmed to include status informa- 
tion in the vector, this status may be encoded and 
placed in either bits 1 -3 or in bits 4-6. This operation 
is selected by programming the Status High/Status 
Low bit in WR9. At the end of the interrupt service 
routine, the processor should issue the Reset Hi- 
ghest IUS command to unlock the daisy chain and 
allow lower-priority interrupt requests. The IP is re- 
set during the interrupt service routine either direct- 
ly by command, or indirectly, through some action 
taken by the processor. The external daisy chain 
may be controlled by the DLC bit in WR9. This bit, 
when set, forces IEO Low, disabling all lower-priori- 
ty devices. 

Receive Interrupts. The Receive Interrupt mode is 
controlled by WR1 bits 4 and 3. These select one of 
the four interrupt modes. The four modes are, Inter- 
rupt disabled, Interrupt on first character or special 
conditions, Interrupt on all characters or special 
conditions, and Interrupt on special conditions. 

Receive Interrupts Disabled. This mode prevents 
the receiver from requesting an interrupt. It is used 



Table 4 : Interrupt Vector Modification. 
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Ch A External / status Change 
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in a polled environment where either the status bits 
in RRO or the modified vector in RR2 (Channel B) is 
read. Although the receiver interrupts are disabled, 
the interrupt logic can still be used to provide status. 

When these bits indicate that a received character 
has reached the top of the FIFO, the status in RR1 
should be checked and then the data should be 
read. If status is to be checked, it must be done be- 
fore the data is read, because the act of reading the 
data pops both the data and error FIFOs. 

Receive Interrupt On First Character Or Special 
Condition. This mode is designed for use with DMA 
transfers of the receive characters. After this mode 
is selected, the first character received, or the first 
character already stored in the FIFO, will set the re- 
ceiver IP. This IP will be reset when this character 
is removed from the SCC. No further receive inter- 
rupts will occur until the processor issues an Enable 
Interrupt on Next Receive Character command in 
WRO until a special receive condition occurs. The 
SCC recognizes several special receive conditions. 
A receive overrun (where a character in the FIFO is 
written over) is a special receive condition, as is a 
framing error in Asynchronous mode, or the end-of- 
frame condition in SDLC mode. In addition, if D2 of 
WR1 is set, any character with a parity error will ge- 
nerate a special receive condition interrupt. The cor- 
rect sequence of events when using this mode is to 
first select the mode and wait for the receive cha- 
racter available interrupt. When the interrupt occurs 
the processor should read the character and then 
enable the DMA to transfer the remaining charac- 
ters. A special receive condition interrupt may occur 
any time after the first character is received, but is 
guaranteed to occur after the character having the 
special condition has been read. The status is not 
lost in this case, however, because the FIFO is 
locked by the special condition. In the service rou- 
tine the processor should read RR1 to obtain the 
status, and may read the data again if necessary. 
The FIFO is unlocked by issuing an Error Reset 
command in WRO. If the special condition was End- 
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I/O PROGRAMMING CAPABILITIES (cont'd) 
Figure 17 : Interrupt Flowchart. 
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I/O PROGRAMMING CAPABILITIES (cont'd) 
of-Frame, the processor should now issue the Ena- 
ble Interrupt on Next Receive Character command 
to prepare for the next frame. The first character in- 
terrupt and special condition interrupt are distinguis- 
hed by the status included in the interrupt vector. In 
all other respects they are identical, including sha- 
ring the IP and IUS bits. 

Interrupt On All Receive Characters Or Special 
Conditions. This mode is designed for an interrupt- 
driven system. In this mode the SCC will set the re- 
ceiver IP on every received character, whether or 
not it has a special receive condition. This includes 
characters already in the FIFO when this mode is 
selected. In this mode of operation the IP is reset 
when the character is removed from the FIFO, so if 
the processor requires status for any character, this 
status must be read before the data is removed from 
the FIFO. The special receive conditions are identi- 
cal to those previously mentioned, and as before, 
the only difference between a "receive character 
available" interrupt and a "special receive condition" 
interrupt is the status encoded in the vector. In this 
mode a special receive condition does not lock the 
receive data FIFO so that the service routine must 
read the status in RR1 before reading the data. At 
moderate to high data rates, where the interrupt 
overhead is significant, time can usually be saved 
by checking for another received character before 
exiting the service routine. This technique elimi- 
nates the Interrupt Acknowledge and the processor- 
state-saving time, but care must be exercised be- 
cause this receive character must be checked for 
special receive conditions before it is removed from 
the SCC. 

Receive Interrupt On Special Conditions. This 
mode is designed for use with DMA transfers of the 
receive characters. In this mode, only receive cha- 
racters with special conditions will cause the recei- 
ver IP to be set. All other characters are assumed 
to be transferred via DMA. No special initialization 
sequence is needed in this mode. Usually the DMA 
is initialized and enabled, and then this mode is se- 
lected in the SCC. A special receive condition inter- 
rupt may occur at any time after this mode is selec- 
ted but the logic guarantees that the interrupt will not 
occur until after the character with the special condi- 
tion has been read from the SCC . The special 
condition locks the FIFO so that the status will be 
valid when read in the interrupt service routine, and 
it guarantees that the DMA will not transfer any cha- 
racters until the special condition has been serviced. 
In the service routine the processor should read 
RR1 to obtain the status and unlock the FIFO by is- 
suing an Error Reset command. DMA transfer of the 
receive characters will then resume. 



Transmit Interrupts. Transmit interrupts are con- 
trolled by the Transmit Interrupt Enable bit (D1) in 
WR1 . If the interrupt capabilities of the SCC are not 
required, polling may be used. This is selected by 
disabling the transmit interrupts and polling the 
Transmit Buffer Empty bit in RRO. When the Trans- 
mit Buffer Empty is set a character may be written 
to the SCC without fear of writing over previous da- 
ta. Another way of polling the SCC is to enable the 
transmit interrupt and then reset the Ml E bit in WR9. 
The processor may then poll the IP bits in RR3A to 
determine when the transmit buffer is empty. Trans- 
mit interrupts should also be disabled in the case of 
DMA transfer of the transmitted data. 

While the transmit interrupts are enabled the SCC 
will set the transmit IP whenever the transmit buff- 
er becomes empty. This means that the transmit 
buffer must have been full before the transmit IP can 
be set. Thus when the transmit interrupts are first 
enabled, the transmit IP will not be set until after the 
first character is written to the SCC. In synchronous 
modes one other condition can cause the transmit 
IP to be set. This occurs at the end of a transmis- 
sion after CRC is sent. When the last bit of CRC has 
cleared the Transmit Shift register and the flag or 
sync character is loaded into the Transmit Shift re- 
gister, the SCC will set the transmit IP. Data for the 
new frame or block to be transmitted may be writ- 
ten at this time. In this particular case the Transmit 
Buffer Empty bit in RRO is not set ; only the transmit 
IP is set. If the transmit Buffer Empty bit is, in fact, 
set for the transmit interrupt that occurs immediate- 
ly after CRC transmission, this indicates that data 
was written while CRC was being sent. This is an 
indication that the transmitter underflowed, without 
the CPU being aware of it. The transmit IP is reset 
either by writing data to the transmit buffer or by is- 
suing the Reset Transmit IP command in WRO. Or- 
dinarily the response to a transmit interrupt is to 
write more data to the SCC ; however, at the end of 
a frame or block of data where CRC is to be sent 
next, the Reset Transmit IP command should be is- 
sued in lieu of data. 

External/Status Interrupts. There are several 
sources of External/Status interrupts, each of which 
may be individually enabled in WR15. The master 
enable for the External/Status interrupts is located 
in WR1 (DO). The individual enable bits in WR15 
control whether or not latches will be present in the 
path from the source of interrupt to the status bit in 
RRO. If an individual enable bit in WR1 5 is set to "0" 
the latches are not present in the signal path and 
the value read in RRO reflects the current status. An 
interrupt source whose individual enable in WR1 5 
is "0" is not a source of External/Status interrupts 
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I/O PROGRAMMING CAPABILITIES (cont'd) 
even though the External/Status Interrupt Enable bit 
is set. When an individual enable in WR15 is set to 
"1", the latch is present in the signal path. The 
latches for the sources of External/Status interrupts 
are not independent. Rather, they all close at the 
same time as a result of a state change by one of 
the sources of interrupt. Thus, a read of RRO returns 
the current status for any bits whose individual en- 
able is "0" and either the current state or the latched 
state of the remainder of the bits. To guarantee the 
current status the processor should issue a Reset 
External/Status Interrupts command in WRO to 
open the latches. The External/Status IP is set by 
the closing of the latches and remains set as long 
as they are closed. If the master enable for the Ex- 
ternal/Status interrupts is not set, the IP will never 
be set, even though the latches may be present in 
the signal paths and working as described. Because 
the latches close on the current status but give no 
indication of change, the processor must maintain 
a copy of RRO in memory. When the SCC generates 
an External/Status interrupt the processor should 
read RRO and determine which condition changed 
state and take appropriate action. The copy of RRO 
in memory must then updated and the Reset Exter- 
nal/Status Interrupt command issued. Care must be 
taken in writing the interrupt service routine for the 
External/Status interrupts because it is possible for 
more than one status condition to change state at 
the same time. All of the latch bits in RRO should be 
compared to the copy of RRO in memory. If none 
have changed and the ZC interrupt is enabled, the 
Zero Count condition caused the interrupt. 

The operation of the individual enable bits in WR15 
for each of the six sources of External/Status inter- 
rupts is identical, but subtle differences exist in the 
operation of each source of interrupt. The six 
sources are Break/Abort, Underrun/EOM, CTS, 
DCD, Sync/Hunt and Zero Count. The Break/Abort, 
Underrun/EOM, and Zero Count conditions are in- 
ternal to the SCC, while Sync/Hunt may be internal 
or external, and CTS and DCD are purely external 
signals. In the following discussions each source is 
assumed to be enabled, so that the latches are pre- 
sent, and the External/Status interrupts are enabled 
as a whole. Recall that the External/Status IP is set 
while the latches are closed and that the state of the 
signal is reflected immediately in RRO if the latches 
are not present. 

The Break/Abort status is used in asynchronous and 
SDLC modes but is always "0" in synchronous 
modes other than SDLC. In asynchronous modes 
this bit is set when a break sequence (null charac- 
ter plus framing error) is detected in the receive da- 
ta stream, and remains set as long as "0s" continue 



to be received. This bit is reset when a "1" is recei- 
ved. A single null character is left in the receive FI- 
FO each time that the break condition is terminated. 
This character should be read and discarded. In 
SDLC mode this bit is set by the detection of an abort 
sequence, which is seven or more contiguous "1s" 
in the receive data stream. The bit is reset when a 
"0" is received. A received abort forces the receiver 
into Hunt, which is also an external/status condition. 
Though these two bits change state at roughly the 
same time, one or two External/ Status interrupts 
may be generated as a result. The Break/Abort bit 
is unique in that both transitions are guaranteed to 
cause the latches to close, even if another External/ 
Status interrupt is pending at the time these transi- 
tions occur. This guarantees that a break or abort 
will be caught. 

The Transmit Underrun/ EOM bit is used in synchro- 
nous modes to control the transmission of CRC. 
This bit is reset by issuing the Reset Transmit Un- 
derrun/ EOM command in WRO. However, this 
transition does not cause the latches to close ; this 
occurs only when the bit is set. To inform the pro- 
cessor of this fact, the SCC sets this bit when CRC 
is loaded into the Transmit Shift register. This bit will 
also be set if the processor issues the Send Abort 
command in WRO. The bit is always set in Asynchro- 
nous mode. 

The CTS bit reports the state of the CTS input, and 
the DCD bit reports the status of the DCD input. Both 
bits latch on either input transition. In both cases, af- 
ter the Reset External/ Status Interrupt command is 
issued, if the latches are closed, they remain closed 
if there is any odd number of transitions on an in- 
put ; they will be open if there is an even number of 
transi-tions on the input. 

The Zero Count bit is set when the counter in the 
baud rate generator reaches a count of "0" and is 
reset when the counter is reloaded. The latches are 
closed only when this bit is set to "1 ", and the status 
in RRO always reflects the current status.While the 
Zero Count IE bit in WR15 is reset this bit is forced 
to "0" . 

There are a variety of ways in which the Sync/ Hunt 
may be set and reset, depending on the SCC's 
mode operation. In Asynch ronous mode this bit re- 
ports the state of the SYNC pin, latching on both in- 
put transitions. The same is true of External Sync 
mode. However, if the crystal oscillator is enabled 
while in Asynchronous mode this bit will be forced 
to "0" and the latches will not be closed. Selecting 
the crystal option in External Sync mode is illegal, 
but the result will be the same. In Synchronous 
modes other than SDLC the Sync/Hunt reports the 
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Hunt state of the receiver. Hunt mode is entered 
when the processor issues the Enter Hunt com- 
mand in WR3. This forces the receiver to search for 
a sync character match in the receive data stream. 
Because both transitions of the Hunt bit close the 
latches, issuing this command will cause an Exter- 
nal/Status interrupt. The SCC resets this bit when 
character synchronization has been achieved, cau- 
sing the latches to again be closed. In these syn- 
chronous modes the SCC will not reenter the Hunt 
mode automatically ; only the Enter Hunt command 
will set this bit. In SDLC mode this bit is also set by 
the Enter Hunt command, but the receiver will also 
automatically enter the Hunt mode if an Abort se- 
quence is received. The receiver leaves Hunt upon 
receipt of a flag sequence. Both transitions of the 
Hunt bit will cause the latches to be closed. In SDLC 
mode the receiver will automatically synchronize on 
Flag characters. The receiver is in Hunt mode when 
it is enabled, so the Enter Hunt command will pro- 
bably never be needed. 

If careful attention is paid to details, the interrupt ser- 
vice routine for External/Status interrupts is straight- 
forward. To determine which bit or bits changed 
state, the routine should first read RRO and compare 
it to a copy from memory. For each changed bit the 
appropriate action should be taken and the copy in 
memory updated. The service routine should close 
with a Reset External/Status interrupts command to 
reopen the latches. The copy of RRO in memory 
should always have the Zero Count bit set to "0", 
since this will be the state of the bit after the Reset 
External/Status interrupts command at the end of 
the service routine. When the processor issues the 
Reset Transmit Underrun/EOM latch command in 
WRO, the Transmit Underrun/EOM bit in the copy of 
RRO in memory should be reset because this trans- 
ition does not cause an interrupt. 

Block Transfers 

The SCC offers several alternatives for the block 
transfer of data. The various options are selected by 
WR1 (bits D7 through D5) and WR14 (bit D2). Each 
channel in the SCC has two pins which may be used 
to control the block transfer data. Both pins in each 
channel may be programmed to act as DMA Re- 
quest signals, and one pin in each channel may be 
programmed to act as a Wait signal for the CPU. In 
either mode, it is advisable to select and enable the 
mode in two separate accesses of the appropriate 
register. The first access should select the mode 
and the second access should enable the function. 
This procedure prevents glitches on the output pins. 
Reset forces Wait mode, with W/ REQ open-drain. 



Wait On Transmit. The Wait function on transmit is 
selected by setting both D6 and D5 to "0" and then 
enabling the functio n by s etting D7 of W R1 to " 1". 
In this mode the W/ REQ pin carries the WAIT si- 
gnal, and is open-drain when inactive and Low when 
active. When the processor attempts to write to the 
transm it buffer when it is full, the SCC will assert 
WAIT until the buffer is empty. This allows the use 
of a block-move in structio n to transfer the transmit 
data. In the Z8530, WAIT will go active in res-ponse 
to WR going active, but only if the data buf-fer is 
bein g acce ssed, either directly or via the pointers. 
The WAIT pin is released in response to the falling 
edge of PCLK. Details of the timing are shown in Fi- 
gure 18. 

Wait On Receive. The Wait function on receive is 
selected by setting D6 or WR1 to "0", D5 of WR1 to 
"1 ", and then enabling the functio n by s et-tling D7 
of WR1 to "1". In this mode the W/ REQ pin carries 
the WAIT signal, and is open-drain when inactive 
and Low when active. When the processor attempts 
to read data from the r eceive FIFO when it is emp- 
ty, the SCC will assert WAIT until a character has 
reached the top of the FIFO. This allows the use of 
a block-move instruction to transfer the receive da- 
ta-in the Z8530, WAIT will go active in res-ponse to 
RD going active, but only if the receive data FIFO is 
bein g acce ssed, either directly or via the pointers. 
The WAIT pin is released in response to the falling 
edge of PCLK. Details of the timing are shown in Fi- 
gure 19. 

DMA Re quests. Th e two DMA request pins W/ 
REQ and DTR/ REQ can b e prog rammed to be used 
as DMA requests. The W/ REQ pin can be us ed as 
eithe r a transmit or a receive request and the DTR/ 
REQ pin can only be used a s a re ceive request. For 
full-duplex operatio n, the W/ RE Q is, therefore, used 
for transmit and the DTR/ REQ is used for receive. 
These modes are described below. 
DMA Request On Transmit (using W/REQ). The 
Request on Transmit function is selected by setting 
D6 of WR to "1", D5 of WR1 to "0", and then en- 
abling the functi on by setting D7 of WR1 to "1". In 
this mode the W/ REQ pin carries the REQUEST si- 
gnal, which is active Low. Whe n this mode is selec- 
ted, but not yet enabled, the W/ REQ is driven High. 
When the enable bit is set, REQUEST goes Low if 
the transmit buffer is empty at the time, or will re- 
main High un til the transm it buffer becomes empty. 
Note that the REQUEST pin will follow the state of 
the transmit buffer even though the transmitter is di- 
sabled. Thus, if the REQUEST is enabled, the DMA 
may write data to the SCC before the transmitter is 
enabled. This will not cause a problem in Asynchro- 
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nous mode but may cause problems in Synchro- 
nous mode because the SCC will send data in pre- 
ference to flags or sync characters. It may also com- 
plicate the CRC initialization, which cannot be done 
until after the tr ansmitter is enabled. With only one 
exception, the REQUEST pin directly follows the 
state of the transmit buffer in this mode. REQUEST 
goes Low when the transmit buffer empties and re- 
mains Low until the transmit buffer is filled. The S CC 
generates only one falling edge on REQUEST per 
character requested and the timing for this is shown 
in Figure 20. The one exception occurs in synchro- 
nous modes at the end of CRC transmission. At the 
end of CRC transmission, when the closing flag or 
sync c haracter is loaded into the Transmit Shift re- 
gister, REQUEST is pulsed High for one PCLK cy- 
cle. The DiyiA may use this falling edge on RE- 
QUEST to whfe the first character of the next frame 
or block to th e SlCC. 

In the Z8530, REQUEST will go High in response to 
the falling edge o* WR, but only when the appro- 
priate transmit buffer in the SCC is accessed. This 
is shown in Figure 21. 

DMA Request On Transmit (using DJR/ REQ). A 
secon d Request on Transmit function is available 
on the DTR/ REQ pin. This mode is selected by set- 
ting D2of W R14 to "1". When this bit is set to "1", 
REQUEST goes Low if the transmit buf-fer is emp- 
ty at the time, or will go High until the transmit buff- 
er becomes em pty. While D2 of WR14 is set to "0", 
the DTR/ REQ pin is DTR and follows the inverted 
state of D7 in WR5. This pin will be High after a chan- 
nel or hardware reset and i n the DTR mode. In the 
Request mode REQUEST will follow the state of 
the transmit buff er even thou gh the transmitter is di- 
sabled. Thus if REQUEST is enabled before the 
transmitter is enabled, the DMA may write data to 
the SCC before the transmitter is enabled. This will 
not cause a problem in Asynchronous mode, but 
may cause problems in Synchronous mode be- 
cause the SCC will send data in preference to flags 
or sync characters. It may also complicate the CRC 
initialization, which cannot be done until after the 
transmitter is enabled. With only one exception, the 
REQUEST pin directly f ollows the s tate of the trans- 
mit buffer in this mode. REQUEST goes Low when 
the transmit buffer empties and remains Low until 
the transmit buffer is fi lled. The SC C generates on- 
ly one falling edge on REQUEST per character re- 
quested. The one exception occurs in synchronous 
modes at theend of CRC transmission. At the end 
of CRC transmission, when the closing flag or sync 
character is loaded into the Transmit Shift register, 
REQUEST is pulsed High for one P CLK cycle. T he 
DMA may use this falling edge on REQUEST to 



write the first character of the nex t frame or b lock to 
the SCC. The Requ est sig nal on DTR/ REQ differs 
from the one on W/ REQ in that it does not go im- 
mediately High in response to the access which 
writes to the transmit buffer. This is because the re- 
gisters in the SCC are not written during the actual 
access, but are delayed by so me number o f PCLK 
cycles. The Request signal on DTR/ REQ follows 
the state of the tran smit b uffer exactly while the Re- 
quest signal on W/ REQ goes inactive in anticipa- 
tion of the transmit buffer becoming full. The timing 
of the Request signal on both pins is shown in Fi- 
gure 21 . 

DMA Request On Receive. The Request on Re- 
ceive function is selected by setting D6 and D5 of 
WR1 to "1" and then enabling the functio n by s et- 
ting D7 of WR1 to"1". In this mode the W/ REQ pin 
carries the REQUEST signal, which is active Low. 
Wh en th is mode is selected, but not yet enabled, the 
W/ REQ pin is d riven High. When the enable bit is 
set REQUEST goes Low if the receive buffer 
contains a character at the time, or will remain High 
unti l a characte r enters the receive buffer. Note that 
the REQUEST pin will follow the state of the receive 
buffer even though the receiv er is disable d. Thus, if 
the receiver is disabled and REQUEST is still en- 
abled, the DMA will transfer the previously re ceived 
data correctly. In this mode the REQUEST pin di- 
rectly follows the state of the receive buffer with on- 
ly one exception. REQUEST goes Low when a cha- 
racter enters the receive buffer and remains Low un- 
til this character is removed from the receive buf -fer. 
The SC C generates only one falling edge on RE- 
QUEST per character transfer requested and the ti- 
ming for this is shown in Figure 22. The one excep- 
tion occurs in the case of a special receive condition 
in the Receive Interrupt on First Character or Spe- 
cial Condition mode, or the Receive Interrupt on 
Special Condition Only mode. In the two interrupt 
modes any receive character with a special receive 
condition is locked at the top of the FIFO until an Er- 
ror Reset command is issued. This character in the 
receive FIFO would ordinarily cause additional DMA 
Requests after the first time it is read. However, the 
log ic in the SC C guarant ees only on e falling edge 
on REQUEST by holding REQUEST High from the 
time the character with the special receive condition 
is read, and the FIFO locked, until after the Error Re- 
set command has been issued. Once the FIFO is 
unlocked by the Error Reset command, REQUEST 
again f ollows the s tate of the receive buffer. In the 
Z8530, REQUEST will go High in response to the 
falling edge of RD, but only when the appropriate 
receive buffer in the SCC is accessed. This is shown 
in Figure 23. 
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I/O PROGRAMMING CAPABILITIES (cont'd) 
Figure 18 : Wait on Transmit. 



Figure 19 : Wait on Receive. 
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Figure 20 : Transmit Request Assertion. 



Figure 21 : Transmit Request Release. 
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I/O PROGRAMMING CAPABILITIES (cont'd) 
Figure 22 : Receive Request Assertion. 



Figure 23 : Z8530 Receive Request 
Release. 
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The SCC provides two independent full-duplex 
channels programmable for use in any common 
asynchronous or synchronous data communication 
protocol. These include asynchronous, synchro- 
nous byte-oriented protocols, monosync, IBM Bi- 
sync, and bit-oriented protocols such as HDLC and 
SDLC. This chapter is divided into 3 parts : Asyn- 
chronous, Synchronous, and SDLC. 

Asynchronous Mode 

The SCC supports Asynchronous mode with a num- 
ber of programmable options including the number 
of bits per character, the number of stop bits, the 
clock factor, modem interface signals and break de- 
tect and generation. Asynchronous mode is selec- 
ted by programming the desired number of stop bits 
in D3 and D2 of WR4. Programming these two bits 
with other than "00" places both the receiver and 
transmitter in Asynchronous mode. In this mode, the 
SCC ignores the state of bits D4, D3, D2, and D1 of 
WR3, bits D 5 and D 4 of WR4, bits D 2 and Do of WR5, 
all of WR6 and WR7 and all of WR1 except D 6 and 
D5. Bits that are ignored may be programmed with 
"1 " or "0" or not at all. 

Asynchronous Receive. Asynchronous mode is 
selected by specifying the number of stop bits per 
character in WR4. This selection applies only the 
transmitter, however, as the receiver always checks 
for one stop bit. If after character assembly the re- 
ceiver finds this stop bit to be a "0", the Framing Er- 
ror bit in the receive error FIFO is set at the same 
time that the character is transferred to the receive 
data FIFO. This error bit accompanies the data to 
the top of the FIFO, where it generates a special re- 
ceive condition. The Framing Error bit is not latched, 
and so must be read in RR1 before the accompa- 
nying data is read. 

The number of bits per character is controlled by 
bits D7 and D6 of WR3. Five, six, seven, or eight 
bits per character may be selected via these two 
bits. Data is right-justifed with the unused bits set to 
"1s". An additional bit, carrying parity information 
may be selected by setting bit DO of WR4 to "1". 
Note that this also enables parity for the transmitter. 
The parity sense is selected by bit D1 of WR4. If this 
bit is set to "1", the received character is checked 
for even parity, if set to "0", the received character 
is checked for odd parity. The additional parity bit 
per character is transferred to the receive data FI- 
FO along with the data if the data plus parity is eight 
bits or less. The parity Error bit in the receive error 
FIFO may be programmed to cause a special re- 
ceive condition interrupt by setting bit D2 of WR1 to 



"1". This error bit is latched and so will remain ac- 
tive, once set, until an Error Reset command has 
been issued. If interrupts are not used to transfer 
data, the Parity Error, Framing Error, and Overrun 
Error bits in RR1 should be checked before the da- 
ta is removed from the receive data FIFO. 

The break condition is continuous "0s", as opposed 
to the usual continuous ones during an idle. The 
SCC recognizes the Break condition upon seeing a 
null character (all "0s") plus a framing error. Upon 
recognizing this sequence the Break bit in RR0 will 
be set and will remain set until a "1" is received. At 
this point the break condition is no longer present. 
At the termination of a break the receive data FIFO 
contains a single null character, which should be 
read and discarded. The Framing Error bit will not 
be set for this character, but if odd parity has been 
selected, the Parity Error bit will be set. Caution 
should be exercised if the receive data line contains 
a switch that is not debounced to generate breaks. 
Switch bounce may cause multiple breaks, recogni- 
zed by the SCC to be additional characters assem- 
bled in the receive data FIFO. It may also cause a 
receive overrun condition being latched. 

The SCC may be programmed to accept a receive 
clock that is one, sixteen, thirty-two, or sixty-four 
times the data rate. This is selected by bits D7 and 
D6 in WR4. The 1 X mode is used when bits are syn- 
chronized external to the receiver. The 1X mode is 
the only mode in which a data encoding method 
other than NRZ may be used. The clock factor is 
common to the receiver and transmitter. 

The SCC provides up to three modem contro l si- 
gnals associated with the receiver. The SYNC pin 
is a general-purpose input whose state is reported 
in the Sync/Hunt bit in RR0. If the crystal oscillator 
is enabled, this pin is not available and the 
Sync/Hunt bit is forced to "0". Otherwise, the SYNC 
pin may be use d to carry the Ring Indicator signal. 
The DTR/ REQ pin carries the inverted state of the 
DTR bit (D7) in WR5 unless this pin has bee n pro- 
grammed to carry a DMA Request signal . The DCD 
pin is ordinarily a simple input to the DCD bit in RR0. 
However, if the Auto Enables mode is selected by 
setting D5 of WR3 to "1", this pin becomes an en- 
able for the re ceiver. That is, if Auto Enables is on 
and the D CD p in is HIGH, the receiver is disabled. 
While the DCD pin is LOW, the receiver is enabled. 

The initialization sequence for the receiver in Asyn- 
chronous mode is : WR4 first to select the 
mode,then WR3 and WR5 to select the various op- 
tions. At this point, the other registers should be ini- 
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tialized as necessary. When all of this is complete 
the receiver may be enabled by setting bit Do or 
WR3toT\ 

Asynchronous Transmit. Asynchronous mode is 
selected by specifying the number of stop bits per 
character in bits D3 and D2 of WR4. The three op- 
tions available are one, one-and-a-half, or two stop 
bits per character. These two bits only select the 
number of stop bits for the transmitter, as the recei- 
ver always checks for one stop bit. 

The number of bits per transmitted character is con- 
trolled both by Bits D6 and D5 in WR5 and the way 
the data is formatted within the transmit buffer. The 
bits in WR5 allow the option of five, six seven, or 
eight bits per character. When five bits per charac- 
ter is selected the data may be formatted before 
being written to the transmit buffer to allow transmis- 
sion of from one to five bits per character. 

This formatting is shown in Table 5. 

Table 5 : Data Format - Five Bits or Less. 
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In all cases the data must be right-justified, with the 
unused bits being ignored except in the case of five 
bits per character. An additional bit, carrying parity 
information, may be automatically appended to eve- 
ry transmitted character by setting bit DO of WR4 to 
"1 ". This bit is sent in addition to the number of bits 
specified in WR4 or by the data format. The parity 
sense is selected by bit D1 of WR4. If this bit is set 
to "1 ", the transmitter sends even parity, if set to "0", 
the parity is odd. 

The transmitter may be programmed to send a 
Break by setting bit D4 of WR5 to "1 ". The transmit- 
ter will send continuous "0s" from the first transmit 
clock edge after this command is issued, until the 
first transmit clock edge after this bit is reset. The 
transmit clock edges referred to here are those that 
define transmitted bit cell boundaries. 

An additional status bit for use in Asynchronous 
mode is available in bit Do or RR1 . This bit, called 
AH Sent, is set when the transmitter is completely 
empty and any previous data or stop bits have rea- 
ched the TxD pin. The All Sent bit can be used by 



the processor as an indication that the transmitter 
may be safely disabled. 

The SCC may be programmed to accept a transmit 
clock that is one, sixteen, thirty-two, or sixty-four 
time the data rate. This is selected by bits D7 and 
D6 of WR4, in common with the clock factor for the 
receiver. Note that the chosen clock factor may re- 
strict the number of stop bits that may be transmit- 
ted. In particular, when the clock rate and data rate 
are identical, one-and-a-half stop bits are not allo- 
wed. If any length other than one stop bit is desired 
in the times one mode, only two stop bits may be 
used. 

There are two modem control signals assoc iated 
with the transmitter provided by the SCC. The RTS 
pin is a simple output that carries the inverted state 
of the RTS bit (D1) in WR5, unless the Auto Enables 
bit (D5) is set in WR3. When Auto Enables is set the 
RTS pin will immediately go LOW when the R TS bit 
is set. However, when the RTS bit is reset the RTS 
pin remains LOW until the transmitter is completely 
em pty an d the last stop bit has left the TxD pin. Thus 
the RTS pin may be used to di sable external drivers 
for the transmit data. The CTS pin is ordinarily a sim- 
ple input to the CTS bit in RRO. However, if Auto En- 
ables mode is selected this pin becomes an enable 
for the tr ansmitter. That is, if Auto Enables is on and 
the CTS pin is HIGH, the transmi tter is disabled ; the 
transmitter is enabled while the CTS pin is LOW. 

The initialization sequence for the transmitter in 
Asynchronous mode is : WR4 first to select the 
mode, then WR3 and WR5 to select the various op- 
tions. At this point the other registers should be ini- 
tialized as necessary. When all of this is complete, 
the transmitter may be enabled by setting bit D3 of 
WR5 to "1". Note that the transmitter and receiver 
may be initialized at the same time. 

Synchronous Mode 

In synchronous modes of operation a special bit pat- 
tern is used to provide character synchronization. 
The SCC offers several options to support Synchro- 
nous mode including various sync character 
lengths, the number of bits per data character, pa- 
rity generation and checking, CRC generation and 
checking, as well as modem controls and a trans- 
mitter to receiver synchronization function. Synchro- 
nous mode is selected by programming bits D3 and 
D2 of WR4 with "Os". This selects Synchronous 
mode, as opposed to Asynchronous mode, but this 
selection is further modified by bits D5 andD? of WR4 
as well as bits D1 and Do of WR10. 
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The sync character or characters are written in WR6 
and WR7. In all synchronous modes, except Exter- 
nal Sync the state of bits D7 and D6 of WR4 are for- 
ced to "0" to select the times one clock mode. In Ex- 
ternal Sync mode these two bits must be program- 
med with "0s". 

Synchronous Receive. The receiver in the SCC 
searches for character synchronization only while it 
is in Hunt mode. In this mode the receiver is idle ex- 
cept that it is searching the incoming data stream 
for a sync character match. The receiver is in Hunt 
mode when it is first enabled, and may be placed in 
Hunt mode by command from the processor. This 
is accomplished by issuing the Enter Hunt Mode 
command in WR3. This bit (D4) is a command ; wri- 
ting a "0" to it has no effect. The Hunt status of the 
receiver is reported by the Sync/ Hunt bit in RRO. 
Sync/Hunt is one of the possible sources of exter- 
nal/status interrupts, with both transitions causing 
an interrupt. This is true even if the Sync/ Hunt bit is 
set as a result of the processor issuing the Enter 
Hunt Mode command. 

An 8-bit sync character is selected by setting bits D5 
and D4 of WR4, as well as bit DO of WR1 0, to "0". 
With this option the receiver searches the data 
stream for a match will the eight bits in WR7. The 6- 
bit sync option requires the same programming ex- 
cept that DO of WR1 is set to "1 " and the sync cha- 
racter is held in the high-order six bits of WR7. The 
SCC also allows the option of double length sync 
characters. This is selected by setting bit D5 of WR4 
to "0" and bit D4 of WR4 to "1". The selection be- 
tween 1 2 and 1 6 bits of sync character is controlled 
by bit DO of WR1 0. A "0" selects 1 6 bits of sync cha- 
racter, while a "1 " in this bit selects a 1 2-bit sync cha- 
racter. The arrangement of the sync character in 
WR6 and WR7 is shown in Figure 24. For those ap- 
plications requiring any other sync character length, 
the SCC makes provision for an external circuit to 
provide a character synchronization signal on the 
SYNC pin. This mode is selected by setting bit D5 
and D4 of WR4 to "1 ". In this mo de the Sync/Hunt 
bit in RRO reports the state of the SYNC pin but the 
receiver must still be placed in Hunt mode when the 
external logic is searching for a sync character 
match . When the receiver is in Hunt mode and the 
SYNC pin is driven LOW, two receive clock cycles 
after the last bit of the sync character is received, 
character assembly will begin on the rising edge of 
the re ceive cl ock immediately preceding the activa- 
tion of SYNC. This is shown i n Figur e 25. The recei- 
ver leaves Hunt mode when SYNC is driven LOW. 
In all cases except External Sync mode the SYNC 
pin is an output that is driven LOW by the SCC to 



signal that a sync character has been received. The 
SYNC pin is activated regardless of character boun- 
daries so an y exter nal circuitry using it should only 
respond the SYNC pulse that occurs while_the_ re- 
ceiver is in Hunt mode. The timing for the SYNC si- 
gnal is shown in Figure 26. 

The number of bits per character is controlled by bits 
D7 and D6 of WR3. Five, six, seven, or eight bits per 
character may be selected via these two bits. The 
data is right-justified in the receive data buffer. The 
SCC merely takes a snapshot of the receive data 
stream at the appropriate times so the "unused" bits 
in the receive buffer are only the bits following the 
character in the data stream. An additional bit, car- 
rying parity information, may be selected by setting 
bit Do of WR4 to "1 ". If this bit is set to "1 ", the recei- 
ved character is checked for even parity, if set to "0", 
the received character is checked for odd parity. The 
additional bit per character is visible in the receive 
data FIFO if the data plus parity is eight bits or less. 
The parity bit is not visible when there are eight da- 
ta bits per character. The Parity Error bit in the re- 
ceive error FIFO may be programmed to cause a 
Special Receive Condition interrupt by setting bit D2 
of WR1 to "1 ". This error bit is latched and so will re- 
main active, once set, until an Error Reset command 
has been issued. If interrupts are not used to trans- 
fer data the Parity Error, CRC Error, and Overrun 
Error bits in RR1 should be checked before the da- 
ta is removed from the receive data FIFO. The cha- 
racter lenght may be changed at anytime before the 
new number of bits has been assembled by the re- 
ceiver, but, care should be exercised as unexpec- 
ted results may occur. A representative example, 
switching from five bits to eight bits and back to five 
bits is shown in Figure 27. It is sometimes desirable 
to prevent sync characters in the receive data 
stream from being transferred to the receive data 
FIFO. This function is available in the SCC by set- 
ting the Sync Character Load Inhibit bit (D1 ) in WR3 
to "1 ". While this bit is set to "1 ", character about to 
be loaded into the receive data FIFO is compared 
with the contents of WR6. If all eight bits match the 
character, it is not loaded into the receive data FI- 
FO. Because the comparison is across eight bits, 
this function works correctly only when the number 
of bits per character is the same as the sync cha- 
racter length. Thus it cannot be used with 1 2- or 1 6- 
bit sync characters. Both leading sync characters 
and sync characters embedded in the data will be 
properly removed in the case of an 8-bit sync cha- 
racter, but only the leading sync characters may be 
properly removed in the case of a 6-bit sync charac- 
ter. Care must be exercised in using this feature be- 
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cause sync characters not transferred to the receive 
data FIFO will automatically be excluded from CRC 
calculation. This works properly only in the 8-bit 
case. 

Either of two CRC polynomials may be used in syn- 
chronous modes, selected by bit D2 in WR5. If this 
bit is set to "1", the CRC-16 polynomial is used, if 
this bit is set to "0", the CRC-CCITT polynomial is 
used. This bit controls the polynomial selection for 
both the receiver and transmitter. The initial state of 
the generator and checker is controlled by bit D7 of 
WR1 0. When this bit is set to "1 ", both the generator 
and checker will have an initial value of all ones, if 
this bit is set to "0", the initial values will be all "0s". 
The SCC presets the checker whenever the recei- 
ver is in Hunt mode so a CRC reset command is not 
strictly necessary. However, the CRC checker may 
be preset by issuing the Reset CRC Checker com- 
mand in WRO. This command is encoded in bits D7 

Figure 24 : Sync Character Programming. 



and De of WRO. If CRC is to be used the CRC 
checker must be enabled by setting bit DO of WR3 
to "1 ". If sync characters are being stripped from the 
data stream, this may be done at any time before 
the first non-sync character is received. If the sync 
strip feature is not being used, CRC must not be en- 
abled until after the first data character has been 
transferred to the receive data FIFO. As previously 
mentioned, 8-bit sync characters stripped from the 
data stream are automatically excluded from CRC 
calculation. 

Some synchronous protocols require that certain 
characters be excluded from CRC calculation. This 
is possible in the SCC because CRC calculation 
may be enabled and disabled on the fly. To give the 
processor sufficient time to decide whether or not a 
particular character should be included in the CRC 
calculation, the SCC contains an 8-bit time delay be- 
tween the receive shift register and the CRC 
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Figure 25 : SYNC as an Output. Figure 26 : SYNC as an Input. 
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checker. The logic also guarantees that the calcu- 
lation will only start or stop on a character boundary 
by delaying the enable or disable until the next cha- 
racter is loaded into the receive data FIFO. To un- 
derstand how this works refer to Figure 28 and the 
following explanation. Consider a case where the 
SCC receives a sequence of eight bytes, called A, 
B, C, D, E, F, G and H with A receiver first. Now sup- 
pose that A is the sync character, that CRC is to be 
calculated on B, C, E, and F, and that F is the last 
byte of this message. Before A is received the re- 
ceiver is in Hunt mode and the CRC is disabled. 
When A is in the receive shift register it is compared 
with the contents of WR7. Since A is the sync cha- 
racter, the bit patterns match and receiver leaves 
Hunt mode, but character A is not transferred to the 
receive data FIFO. The CRC remains disabled even 
though somewhere during the next eight-bit-time 
processor reads B and enables CRC. At the end of 

Figure 27 : Changing Character Length. 



an eight-bit-time, B is in the 8-bit delay and C is in 
the receive shift register. At this point, B is loaded 
into the receive data FIFO. The CRC remains disa- 
bled even though somewhere during the next eight 
bit times the processor reads B and enables CRC. 
At the end of the eight-bit-time, B is in the 8-bit de- 
lay and C is in the receive shift register. Character 
C is loaded into the receive data FIFO and at the 
same time the CRC checker is enabled. During the 
next eight-bit-time, the processor reads C and 
leaves the CRC enabled. At the end of these eight- 
bit-times the SCC has calculated CRC on B, cha- 
racter C is the 8-bit delay and D is in the Receive 
Shift register. D is then loaded into the receive data 
buffer and at some point during the next eight-bit- 
time the processor reads D and disables CRC. At 
the end of these eight-bit-times CRC has been cal- 
culated on C, character D is in the 8-bit delay and E 
is in the Receive Shift register. 
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Now E is loaded into the receiver data FIFO and, at 
the same time, the CRC is disabled. During the next 
eight-bit-times the processor reads E and enables 
the CRC. During this time E shifts into the 8-bit de- 
lay, F enters the Receive Shift register and CRC is 
not being calculated on D. After these eight-bit-times 
have elapsed, E is in the 8-bit delay, and F is in the 
Receive Shift register. Now F is transferred to the 
receive data FIFO and CRC is enabled. During the 
next eight-bit-times the processor reads F and 
leaves the CRC enabled. The processor is usually 
aware that this is the last character in the message 
and so prepares to check the result of the CRC com- 
putation. However, another sixteen bit-times are re- 
quired before CRC has been calculated on all of 
character F. At the end of eight-bit-times F is in the 
8-bit delay and G is in the Receive Shift register. At 
this time G is transferred to the receive data FIFO. 
Character G must be read and discarded by the pro- 
cessor. Eight bit times later H is transferred to the 
receive data FIFO also. The result of a CRC calcu- 
lation is latched in the receive error FIFO at the same 
time as data is written to the receive data FIFO. Thus 
the CRC result through character F accompanies 

Figure 28 : Receive CRC Data Path. 



character H in the FIFO and will be valid in RR1 un- 
til character H is read from the receive data FIFO. 
The CRC checker may be disabled and reset at any 
time after character H is transferred to the receive 
data FIFO. Recall, however, that internally CRC will 
not be disabed until a character is loaded into the 
receive data FIFO so the reset command should not 
be issued until after this occurs. A better alternative 
is to place the receiver in Hunt mode, which auto- 
matically disables and resets the CRC checker. 

Up to two modem control signals associated with 
the receiver are available is synchronous modes. 
The DTR/ REQ pin carries the inverted state of the 
DTR bit (D7) in WR5 unless this pin has bee n pro- 
grammed to carry a DMA Request signal. The DCD 
pin is ordinarily a simple input to the DCD bit in RRO. 
However, if the Auto Enables mode is selected by 
setting D5 of WR3 to "1 ", this pin becomes an en- 
able for the re ceiver. That is, if Auto Enables is on 
and the DCD p in is HIGH the receiver is disabled ; 
while the DCD pin is LOW the receiver is enabled. 

The initialization sequence for the receiver in syn- 
chronous modes is WR4 first, to select the mode, 
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then WR1 to modify it if necessary, WR6 and WR7 
to program the sync characters and then WR3 and 
WR5 to select the various options. At this point the 
other registers should be initialized as necessary. 
When all of this is complete the receiver is enabled 
by setting bit D of WR3 to "1". 

Synchronous Transmit. Once Synchronous mode 
has been selected, any of three sync character 
lengths may be selected. An 8-bit sync character is 
selected by setting bits D5 and D4 or WR4, as well 
as bit DO of WR10 to "0". With this option selected 
the transmitter sends the contents of WR6 when it 
has no data to send. The 6-bit sync option requires 
the same programming except that bit DO of WR1 
is set to "1" and only the least significant six bits of 
WR6 and used as a time fill. For a 16-bit sync cha- 
racter, set bit D4 of WR4 to "1 " and D5 of WR4 and 
bit Do of WR10 to "0". In this mode the transmitter 
sends the concatenation of WR6 and WR7 as a time 
fill. Because the receiver requires that sync charac- 
ters be left-justified in the registers, while the trans- 
mitter requires them to be right-justified, only the re- 
ceiver will work with a 12-bit sync character. While 
the receiver is in External Sync mode the transmit- 
ter sync length may be six or eight bits, as selected 
bybitDOofWRIO. 

The number of bits per transmitted character is con- 
trolled by bits D6 and D5 of WR5 and the way the 
data is formatted within the transmit buffer. The bits 
in WR5 allow the option of five, six, seven, or eight 
bits per character. When five bits per character is 
selected the data may be formatted before being 
written to the transmit buffer to allow transmisssion 
of from one to five bits per character. This format- 
ting is shown in Table 5. In all cases the data must 
be right-justified, with the unused bits being ignored 
except in the case of five bits per character. An ad- 
ditional bit, carrying parity information, may be auto- 
matically appended to every transmitted character 
by setting bit Do of WR4 to "1 ". This parity bit is sent 
in addition to the number of bits specified in WR4 or 
by the data format. If this bit is set to "1", the trans- 
mitter will send even parity, if set to "0", the trans- 
mitted parity will be odd. 

Either of two CRC polynomials may be used in syn- 
chronous modes, selected by bit D2 in WR5. If this 
bit is set to "1 ", the CRC-1 6 polynomial is used and, 
if this bit is set to "0", the CRC-CCITT polynomial is 
used. This bit controls the selection for both the 
transmitter and receiver. The initial state of the gen- 
erator and checker is controlled by bit D7 of WR10. 
When this bit is set to "1", both the generator and 
checker will have an initial value of all ones, if this 



bit is set to "0", the initial values will be all zeros. The 
SCC does not automatically preset the CRC gene- 
rator, so this must be done in software. This is ac- 
complished by issuing the Reset Tx CRC Genera- 
tor command, which is encoded in bits D7 and D6 of 
WR0. For proper results this command must be is- 
sued while the transmitter is enabled and sending 
sync characters. If CRC is to be used, the transmit 
CRC generator must be enabled by setting bit DO 
of WR5 to "1 ". This bit may also be used Jo exclude 
certain characters from the CRC calculation. Sync 
characters are automatically excluded from the 
CRC calculation and any characters written as da- 
ta may also be excluded from the calculation by 
using bit Do of WR5. Internally, the CRC is enabled 
or disabled for a particular character at the same 
time as the character is loaded from the transmit 
buffer to the Transmit Shift register. Thus, to exclude 
a character from CRC calculation bit, Do of WR5 
should be set to "0" before the character is written 
to the transmit buffer. This guarantees that the in- 
ternal disable will occur when the character moves 
from the buffer to the shift register. Once the buffer 
becomes empty, the Tx CRC Enable bit may be writ- 
ten for the next character. 

Enabling the CRC generator is not sufficient to 
control the transmission of CRC. In the SCC this 
function is controlled by the Tx Underrun/EOM bit, 
which may be reset by the processor and set by the 
SCC. When the transmitter underruns (both the 
transmit buffer and Transmit Shift register are emp- 
ty) the state of the Tx Underrun/EOM bit determines 
the action taken by the SCC. If the tx Underrun/EOM 
bit is set when the underrun occurs, the transmitter 
will send sync characters, if this bit is reset when the 
underrun occurs, the transmitter will send the accu- 
mulated CRC followed by sync characters. When 
the CRC is loaded into the transmit Shift register for 
transmission, the SCC will set the Tx Under- 
run/EOM bit to indicate this. This transition may be 
programmed to cause an external/status interrupt, 
or the Tx Underrun/EOM is available in RR0. The 
Reset Tx Underrun/EOM Latch command is enco- 
ded in bits D7 and D6 in WR0. For correct transmis- 
sion of the CRC at the end of a block of data, this 
command must be issued after the first character is 
written to the SCC but before the transmitter under- 
runs after trie last character written to the SCC. The 
command is usually issued immediately after the 
first character is written to the SCC so that CRC will 
be sent if an underrun occurs inadvertently during 
the block of data. 

In synchronous modes, if the transmitter is disabled 
during transmission of a character, that character 
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will be sent completely. This applies to both data and 
sync characters. However, if the transmitter is disa- 
bled during the transmission of CRC, the 16-bit 
transmission will be completed, but the remaining 
bits will come from the SYNC registers rather than 
the remainder of the CRC. 

There are two modem control signals assoc iated 
with the transmitter provided by the SCC. The RTS 
pin is a simple output that carrie s the inverted state 
of the RTS bit (Di) in WR5. The CTS pin is ordina- 
rily a simple input to the CTS bit in RRO. However, 
if Auto Enables mode is selected this pin becomes 
an enable for the tr ansmitter. That is, if Auto Enables 
is on and the CT S pin is HIGH the transmitter is di- 
sabled. While the CTS pin is LOW, transmitter is en- 
abled. 

The initialization sequence for the transmitter in syn- 
chronous modes is : WR4 first, to select the mode, 
then WR1 to modify it if necessary, WR6 and WR7 
to program the sync characters, then WR3 and WR5 
to program the sync characters, and then WR3 and 
WR5 to select the various options. At this point, the 
other registers should be initialized as necessary. 
When all of this is complete the transmitter may be 
enabled by setting bit D3 or WR5 to "1". Now that 
the transmitter is enabled the CRC generator may 
be initialized by issuing the Reset Tx CRC Genera- 
tor command in WRO. 

Transmitter To Receiver Synchronization. The 

SCC contains a transmitter-to-receiver synchroni- 
zation function that may be used to guarantee that 

Figure 29 : Transmitter to Receiver Synchronization. 



the character boundaries for the received and trans- 
mitted data are the same. In this mode the receiver 
is in Hunt and the transmitter is idle, sending either 
all "1 s" or "Os". When the receiver recognizes a sync 
character, it leaves Hunt mode and one character 
time later the transmitter is enabled and begins sen- 
ding sync characters. Beyond this point the receiver 
and transmitter are again completely independent, 
except that the character boudaries are now ali- 
gned. This is shown in Figure 29. There are several 
restrictions on the use of this feature in the SCC. 
First, it will only work with 6-bit, 8-bit or 1 6-bit sync 
characters, and the data character length for both 
the receiver and the transmitter must be six bits with 
a 6-bit sync character or eight bits with an 8-bit or 
1 6-bit sync character. Of course, the receive and 
transmit clocks must have the same rate as well as 
the proper phase relation-ship. 

A specific sequence of operations must be followed 
to synchronize the transmitter to the receiver. Both 
the receiver and transmitter must have been initia- 
lized for operation in Synchronous mode sometime 
in the past, although this initialization need not be 
redone each time the transmitter is synchronized to 
the receiver. The transmitter is disabled by setting 
bit D3 of WR5 to "0". At this point the transmitter will 
send continuous "1s". If it is desired that continuous 
"1 s". If it is desired that continuous "0s" be transmit- 
ted, the Send Break bit (D4) in WR5 should be set 
to "1". The transmitter is now idling but must still be 
placed in the transmitter to receiver synchronization 
mode. This is accomplished by setting the Loop 
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the processor should set the Go Active on Poll bit 
(D4) in WR10. The final step is to force the receiver 
to search for sync characters. If the receiver is cur- 
rently disabled the receiver will enter Hunt mode 
when it is enabled by setting bit Do of WR3 to "1 ". If 
the receiver is already enabled it may be placed in 
Hunt mode by setting bit D4 of WR3 to "1 ". Once the 
receiver leaves Hunt mode the transmitter is acti- 
vate on the following character boundary. 

SDLC Mode 

SDLC mode is useful in bit-oriented protocols. That 
is, protocols which use the technique of "0" insertion 
to achieve data transparency. In SDLC mode, 
frames of information are opened and closed by a 
unique bit pattern called a flag. The Flag character 
has a bit pattern of "01 111110" and this sequence 
is unique because all data between the opening and 
closing flags is prohibited from having more than five 
consecutive "1 s". The transmitter guarantees this by 
watching the transmit data stream and inserting a 
"0" after five consecutive ones, irrespective of cha- 
racter boundaries. In turn, the receiver searches the 
receive data stream for five consecutive "1 s" and 
deletes the next bit if it is a "0". CRC may be used 
in SDLC mode but only with the CRC-CCITT poly- 
nomial, because the transmitter in the SCC automa- 
tically inverts the CRC before transmission, and the 
receiver - to compensate for this - checks the CRC 
result for the bit pattern "0001 1101 00001 111". This 
is consistent with bit-oriented protocols such as 
SDLC, HDLC, and ADCCP. There are two unique 
bit patterns in SDLC mode besides the flag se- 
quence. They are the Abort and EOP (End of Poll) 
sequence. An Abort is a sequence of from seven to 
thirteen consecutive "1 s" and is used to signal the 
premature termination of a frame. The EOP is the 
bit pattern "1111111 0", which is used in loop appli- 
cations as a signal to a secondary station that it may 
begin transmission. 

Table 6 : Residue Codes. 



SDLC mode is selected by setting bit D5 of WR4 to 
"1" and bits D 4 , D 3 , and D 2 of WR4 to "0". In addi- 
tion, the flag sequence must be written to WR7. Ad- 
ditional control bits for SDLC mode are located in 
WR10. 

SDLC Receive. The receiver in the SCC always 
searches the receive data stream for flag characters 
in SDLC mode. Ordinarily, the receiver transfers all 
received data between flags to the receive data FI- 
FO. However, if the receiver is in Hunt mode no flag 
is received. The receiver is in Hunt mode when first 
enabled, or the receiver may be placed in Hunt 
mode by the processor issuing the Enter Hunt 
mode command in WR3. This bit (D4) is a command, 
and writing a "0" to it has no effect. The Hunt status 
of the receiver is reported by the Sync/Hunt bit in 
RR0. Sync/Hunt is one of the possible sources of 
external/status interrupts, with both transitions cau- 
sing an interrupt. This is true even if the Sync/Hunt 
bit is set as a result of the processor issuing the En- 
ter Hunt mode command. The receiver will automa- 
tically enter Hunt mode if an abort is received. Be- 
cause the receiver always searches the receive da- 
ta stream for flags and automatically enter Hunt 
Mode when an abort is received, the receiver will al- 
ways handle frames correctly, and the Enter Hunt 
Mode comm and sh ould never to needed. The SCC 
will drive the SYNC pin LOW to sign al that a flag has 
been recognized. The timing for the SYNC signal is 
shown in Figure 30. 

The first byte in an SDLC frame is assumed by the 
SCC to be the address of the secondary station for 
which the frame is intended. The SCC provides se- 
veral options for handling this address. If the Ad- 
dress Search Mode bit (D2) in WR3 is set to "0", the 
address recognition logic is disabled and all recei- 
ved frames are transferred to the receive data FI- 
FO. In this mode the software must perform any ad- 
dress recognition. If the Address Search Mode bit is 
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set to "1", only those frames whose address 
matches the address programmed in WR6 or the 
global address (all "1 s") will be transferred to the re- 
ceive data FIFO. The address comparison will be 
across all eight bits of WR6 if the Sync Character 
Load Inhibit bit (Di) in WR3 is set to "0". The com- 
parison may be modified so that only the four most 
significant bits of WR6 must match the received ad- 
dress. This mode is selected by setting the Sync 
Character Load Inhibit bit to "1". In this mode, ho- 
wever, the address field is still eight bits wide. The 
address field is transferred to the receive data FIFO 
in the same manner as data. It is not treated diffe- 
rently than data. 

The number of bits per character is controlled by bits 
D7 and D6 of WR3. Five, six, seven, or eight bits per 
character may be selected via these two bits. The 
data is right-justified in the receive buffer. The SCC 
merely takes a snapshot of the receive data stream 
at the appropriate times, so the "unused" bits in the 
receive buffer are only the bits following the charac- 
ter in the data stream. An additional bit carrying pa- 
rity information may be selected by setting bit D6 of 
WR4 to "1 ". This also enables parity in the transmit- 
ter. The parity sense is selected by bit D1 of WR4. 
Parity is not normally used in SDLC mode. The cha- 
racter length may be changed at anytime before the 
new number of bits have been assembled by the re- 
ceiver. Care should be exercised, however, as 
unexpected results may occur. A representative 
example, switching from five bits to eight bits and 
back to five bits is shown in Figure 31 . 

Most bit-oriented protocols allow an arbitrary num- 
ber of bits between opening and closing Flags. The 
SCC allows for this by providing three bits of Resi- 
due Code in RR1 that indicate which bits in the last 
few bytes transferred from the receive data FIFO by 
the processor are actually valid data bits. The mea- 
ning of these three bits with each character length 
option is shown in Table 6. As indicated in the table, 
these bits allow the processor to determine those 
bits in the information (and not CRC) field. This al- 
lows transparent retransmission of the received 
frame. The Residue Code bits do not go through a 
FIFO so they change in RR1 when the last charac- 
ter of the frame is loaded into the receive data FI- 
FO. If there are any characters already in the receive 
data FIFO the Residue Code will be updated before 
they are read by the processor. Thus these three 
bits off RR1 should be ignored by the processor un- 
less the End of Frame bit in RR1 is set. 

Only the CRC-CCITT polynomial may be used for 
CRC calculation in SDLC mode, although the gene- 



Figure 30 : SYNC as an Output. 
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rator and checker may be preset to all "1 s" or all "Os". 
The CRC-CCITT polynomial is selected by setting 
D2 of WR5 to "0", bit D7 of WR1 controls the pre- 
set value. If this bit is set to "1", the generator and 
checker are preset to "1 s", if this bit is reset, the gen- 
erator and checker are preset to all "Os". The recei- 
ver expects the CRC to be inverted before transmis- 
sion and so checks the CRC result against the va- 
lue "0001110100001111". The SCC presets the 
CRC checker whenever the receiver is in Hunt mode 
or whenever a flag is received so a CRC reset com- 
mand is not strictly necessary. However, the CRC 
checker may be preset by issuing the Reset CRC 
Checker command in WRO. The CRC checker is 
automatically enabled for all data between the ope- 
ning and closing flags by the SCC in SDLC mode, 
and the Rx CRC Enable bit (D 3 ) in WR3 is ignored. 
The result of the CRC calculation for the entire frame 
is valid in RR1 only when accompagnied by the end 
of Frame bit being set in RR1 . At all other times the 
CRC Error bit in RR1 should be ignored by the pro- 
cessor. Care must be exercised so that the proces- 
sor does not attempt to use the CRC bytes that are 

Figure 31 : Changing Character Length. 



transferred as data because not all of the bits are 
transferred properly. The last two bits of CRC are 
never transferred to the receive data FIFO and are 
not recoverable. 

A frame is terminated by a closing flag. When the 
SCC recognizes this flag the contents of the Receive 
Shift register are transferred to the receive data FI- 
FO, the Residue Code is latched, the CRC Error bit 
is latched in the status FIFO and the End Of Frame 
bit is set in the receive status FIFO. The End Of 
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cause a special receive condition. The processor 
may then read RR1 to determine the result of the 
CRC calculation as well as the Residue Code. If ei- 
ther the Rx Interrupt on Special Condition Only or 
the Rx Interrupt on First Character or Special Condi- 
tion mode are selected, the processor must issue 
and Error Reset command in WRO to unlock the re- 
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In addition to searching the data stream for flags, 
the receiver in the SCC also watches for seven 
consecutive "1s", which is the abort condition. The 
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presence of seven consecutive "1 s" is reported in 
the Break/Abort bit in RRO. This is one of the possi- 
ble external/status interrupts, so transitions of this 
status may be programmed to cause interrupts. 
Upon receipt of an abort the receiver is forced into 
Hunt mode, where it looks for flags. The Hunt sta- 
tus is also a possible external/status condition 
whose transition may be programmed to cause an 
interrupt. The transitions of these two bits occur ve- 
ry close together but either one or two external/sta- 
tus interrupts may result. The abort condition is ter- 
minated when a "0" is received, either by itself or as 
the leading "0" of a flag. The receiver does not leave 
Hunt mode until a flag has been received so two dis- 
crete external/status conditions will occur at the end 
of an abort. An abort received in the middle of a 
frame terminates the frame reception, but no in an 
orderly manner, because the character being as- 
sembled is lost. 

Up to two modem control signals associated with 
the r eceive r are available in SDLC mode. The 
DTR/ REQ pin carries the inverted state of the DTR 
bit (D?) in WR5 unless this pin has been program- 
med to carry a DMA Request signal. The DCD pin 
is ordinarily a simple input to the DCD bit in RRO. 
However, if the Auto Enables mode is selected by 
setting bit D5 of WR3 to "1 ", this pin becomes an en- 
able for the r eceiver. That is, if Auto Enable is on 
and the DCD p in is HIGH the receiver is disabled. 
While the DCD pin is LOW, the receiver is enabled. 

The initialization sequence for the receiver in SDLC 
mode is : WR4 first, to select the mode, then WR1 
to modify it if necessary, WR6 to program the ad- 
dress, WR7 to program the flag and the WR3 and 
WR5 to select the various options. At this point the 
other registers should be initialized as necessary. 
When all of this is complete the receiver may be en- 
abled by setting bit De of WR3 to "1 ". 

SDLC Transmit. Once SDLC mode has been se- 
lected, the flag must be written in WR7, to be used 
to open and close the transmitted frames. The SCC 
does not automatically send the address byte ; it me- 
rely encapsulates the data supplied by the proces- 
sor with flags and CRC. Ordinarily, a frame will be 
terminated by the SCC with CRC and a flag but the 
SCC may be programmed to send an abort and a 
flag in place of the CRC. This option allows the SCC 
to abort a frame transmission in progress if the trans- 
mitter is accidentally all owed to underrun. This is 
controlled by the Abort/ Flag On Underrun bit (D2) 
in WR10. When this bit is set to "1" the transmitter 
will send an abort and a flag in place of the CRC 
when an underrun occurs. The frame will be termi- 



nated normally, with CRC and a flag, if this bit is set 
to "0". The SCC is also able to send an abort by com- 
mand of the processor. The Send Abort command, 
issued in WRO, will send eight consecutive "1s" and 
then the transmitter will idle. Since up to five conse- 
cutive "1s" may have been sent prior to the com- 
mand being issued, a Send Abort will cause a se- 
quence of from eight to thirteen "1 s" to be transmit- 
ted. The Send Abort command also empties the 
transmit buffer register. The idle condition for the 
transmitter is continuous flags, but this i s under pro- 
gram control. By setting the Mark/ Flag Idle bit (D3) 
in WR1 to "1 ", the transmitter will send continuous 
"1s" in place of the idle flags. Note that the closing 
flag will be transmitted cor rectly even if this mode 
is selected. The Mark/ Flag Idle must be set to "0", 
allowing a flag to be transmitted, before data is writ- 
ten to the transmit buffer. Care must be exercised 
in doing this because the continuous "1 s" are trans- 
mitted eight at a time, and all eight must leave the 
Transmit Shift register, so that flag may be loaded 
into it before the first data is written to the transmit 
buffer. When using the transmitter in SDLC mode, 
recall that all data passes through the zero inserter, 
which adds an extra five bit times of delay between 
the Transmit Shift register and the Transmit Data 
pin. 

The number of bits per transmitted character is con- 
trolled by bits D6 and D5 of WR5 and the way the 
data is formatted within the transmit buffer. The bits 
in WR5 allow the option of five, six, seven, or eight 
bits per character. When five bits per character is 
selected, the data may be formatted before being 
written to the transmit buffer, to allow transmission 
of one to five bits per character. This formatting is 
shown in Table 4-1. In all cases the data must be 
right-Justified, with the unused bits being ignored, 
except in the case of five bits per character. 

An additional bit, carrying parity information, may be 
automatically appended to every transmitted cha- 
racter by setting bit De of WR4 to "1 ". This bit is sent 
in addition to the number of bits specified in WR4 or 
by the data format. The parity sense is selected by 
bit D1 of WR4. Parity is not normally used in SDLC 
mode. The character length may be changed on the 
fly, but the desired length must be selected before 
the character is loaded into the transmit shift regis- 
ter from the transmit buffer. The easiest way to en- 
sure this is to write to WR5 to change the character 
length before writing the data to the transmit buffer. 

Only the CRC-CCITT polynomial may be used in 
SDLC mode. This is selected by setting bit D2 in 
WR5 to "0". This bit controls the selection for both 
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the transmitter and receiver. The initial state of the 
generator and checker is controlled by bit D7 of 
WR10. When this bit is set to "1", both the genera- 
tor, and checker sill have an initial value of all "1s" 
and, if this bit is set to "0", the initial values will be all 
"0s". The SCC does not automatically preset the 
CRC generator so this must be done in software. 
This is accomplished by issuing the Reset Tx CRC 
generator command, which is encoded in bits D7 
and D6 of WRO. For proper results, this command 
must be issued while the transmitter is enabled and 
idling. If CRC is to be used the transmit CRC gene- 
rator must be enabled by setting bit DO of WR5 to 
"1 ". CRC is normally calculated on all characters be- 
tween opening and closing flags, so this bit is usual- 
ly set to "1 " at initialization and never changed. 

Enabling the CRC generator is not sufficient to 
control the transmission of CRC. In the SCC this 
function is controlled by the Tx Underrun/ EOM bit, 
which may be reset by the processor and set by the 
SCC. When the transmitter underruns (both the 
transmit buffer and transmit shift register are emp- 
ty) the state of the Tx Underrun EOM bit determines 
the action taken by the SCC. If the Tx Under- 
run/EOM bit is set to "1 " when the underrun occurs, 
the transmitter will send flags ; if this bit is reset to 
"0" when the underrun occurs, the transmitter will 
send either the accumulated CRC followed by flags, 
or an abor t follo wed by flags, depending the state of 
the Abort/ Flag on Underrun bit in the WR10. When 
the CRC or abort is loaded into the Transmit Shift 
register for transmission, the SCC will set the Tx Un- 
derrun/EOM bit to indicate this. This transition may 
be programmed to cause an external/status inter- 
rupt, or the Tx Underrun/ EOM bit is available in RRO. 
The Reset Tx Underrun/EOM Latch command is en- 
coded in bits D7 and D6 of WRO. 

For correct transmission of the CRC at the end of a 
frame, this command must be issued after the first 
character is written to the SCC but before the trans- 
mitter underruns after the last character written the 
SCC. The command is usually issued immediately 
after the first character is written to the SCC so that 
the abort or CRC is s ent if an underrun occurs inad- 
vertently. The Abort/ Flag on Underrun bit (D2) in 
WR10 is usually set to "1" at the same time as the 
Tx Underrun/EOM bit is reset so that an abort sill be 
sent if the transmitter underruns. The bit is then set 
to "0" near the end of the frame to allow the correct 
transmission of CRC. 

In this paragraph the term "completely sent" means 
shifted out of the Transmit Shift register, not shifted 
out of the zero inserter, which is an additional five 



bit times of delay. In SDLC mode, if the transmitter 
is disabled during transmission of a character, that 
character will be "completely sent". This applies to 
both data and flags. However, if the transmitter is di- 
sabled during the transmission of CRC, the 16-bit 
transmission will be completed but the remaining 
bits will be from the Flag register rather than the re- 
mainder of the CRC. 

There are two modem control signals assoc iated 
with the transmitter provided by the SCC. The RTS 
pin is a simple output that carrie s the inverted state 
of the RTS bit (D1) in WR5. The CTS pin is ordina- 
rily a simple input to the CTS bit in RRO. However, 
if Auto Enables mode is selected, this pin becomes 
an enable for the tr ansmitter. That is, if Auto Enables 
is on and the CTS pin is HIGH the transmitter is di- 
sabled. If the CTS pin is LOW, the transmitter is en- 
abled. 

The initialization sequence for the transmitter in 
SDLC mode is : WR4 first, to select the mode, then 
WR1 to modify it if necessary, WR7 to program the 
flag, and then WR3 and WR5 to select the various 
options. At this point the other registers should be 
initialized as necessary. When all of this is complete, 
the transmitter may be enabled by setting bit D3 of 
WR5 to "1 ". Now that the transmittter is enabled, the 
CRC generator may be initialized by issuing the Re- 
set Tx CRC Generator command in WRO. 

SDLC Loop Mode. SDLC Loop mode is quite simi- 
lar to SDLC mode except that two additional control 
bits are used. They are the Loop Mode bit (D1) and 
the Go Active on Poll bit (D4) in WR10. In addition 
to these two extra control bits, there are also two sta- 
tus bits in RR1 0. They are the On Loop bit (D1) and 
the Loop Sending bit (D4). Before Loop mode is se- 
lected both the receiver and transmitter must be 
completely initialized for SDLC operation. Once this 
is done, Loop mode is selected by setting bit D1 of 
WR1 to "1 ". At this point the SCC connects TxD to 
RxD with only gate delays in the path. At the same 
time a flag is loaded into the Transmit Shift register, 
and is shifted to the end of the zero inserter, ready 
for transmission. The SCC will remain in this state 
until the Go Active on Poll bit (D4) in WR1 is set to 
"1". When this bit is set to "1" the receiver begins 
looking for a sequence of seven consecutive "1s", 
indicating either an EOP or an idle line. When the 
receiver detects this condition the Break/Abort bit in 
RRO is set to "1 " and a one-bit time delay is inserted 
in the path from RxD to TxD. The On Loop bit in 
RR1 is also set to "1 " at this time, and the receiver 
enters the Hunt mode. The SCC cannot transmit on 
the loop until a flag is received, causing the receiver 
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to leave Hunt mode, and another EOP (bit pattern 
"1111111 0") is received. The SCC is now on the 
loop and capable of transmitting on the loop. As 
soon as this status is recognized by the processor, 
the Go Active On Poll bit in WR10 should be set to 
"0" to prevent the SCC from transmitting on the loop 
without the consent of the processor. 

To transmit a message on the loop, the Go Active 
On Poll bit in WR1 must be set to "1 ". Once this is 
done, the SCC will change the next received EOP 
into Flag and begin transmitting on the loop. When 
the EOP is received, the Break/Abort and Hunt bits 
in RRO will be set to "1 ", and the Loop Sending bit 
in RR10 will also be set to "1". Data to be transmit- 
ted may be written after the Go Active On Poll bit 
has been set or after the receiver enter Hunt mode. 
If the data is written immediately after the Go Active 
On Poll bit has been set, the SCC will only insert 
one flag after the EOP is changed into a flag. If the 
data is not written until after the receiver enters the 
Hunt mode, flags will be transmitted until the data is 
written. If only one frame is to be transmitted on the 
loop in response to an EOP, the processor must set 
the Go Active on Poll bit to "0" before the last data 
is written to the transmitter. In this case the trans- 
mitter will close the frame with a single flag, and then 
revert to the one-bit delay. The Loop Sending bit in 
RR1 is set to "0" when the closing Flag has been 
sent. If more than one frame is to be transmitted, 
the Go Active On Poll bit should not be set to "0" un- 
til the last frame is being sent. If this bit is not set to 
"0" before the end of a frame, the transmitter will 
send Flags until either more data is written to the 
transmitter, or until the Go Active On Poll b it is set 
to "0". Note that th e sta te of the Abort/ Flag on Un- 
derrun and Mark/ Flag Idle bits in WR10 are igno- 
red by the SCC in SDLC Loop mode. 

To go off the loop in an orderly manner requires ac- 
tions similar to those taken to go the loop. First, the 
Go Active On Poll bit must be set to "0" and any 
transmission in progress completed, if the SCC is 
currently sending on the loop. Once the SCC is not 
sending on the loop, an exit from the loop is accom- 
plished by setting the Loop Mode bit in WR1 to "0", 
and at the same t ime w riting the Abort/ Flag on Un- 
derpin and Mark/Flag Idle bits with the desired va- 



lues. The SCC will revert to normal SDLC operation 
as soon as an EOP is received, or immediately, if 
the receiver is already in Hunt mode because of the 
receipt of an EOP. 

The initialization sequence for the SCC in SDLC 
Loop mode is similar to the sequence used in SDLC 
mode, except that it is somewhat longer. The pro- 
cessor should program WR4 first, to select SDLC 
mode, and then WR1 to select the CRC preset va- 
lue and program the Mark/Flag Idle bit. The Loop 
Mode and Go Active On Poll bits in WR10 should 
not be set to"1 " yet. The flag is written in WR7 and 
the various options are selected in WR3 and WR5. 
At this point the other registers should be initialized 
as necessary, then Loop Mode bit (Di) in WR10 
should be set to "1 ". When all of this is complete the 
transmitter may be enabled by setting bit D3 of WR5 
to "1 ". Now that the transmitter is enabled, the CRC 
generator may be initialized by issuing the Reset 
TxCRC Generator command in WR0. The receiver 
is enabled by setting the Go Active on Poll bit (D4) 
in WR10 to "1". The SCC will go on the loop when 
seven consecutive "1s" are received, and will signal 
this by setting the On Loop bit in RR10. Note that 
the seven consecutive "1 s" will set the Break/Abort 
and Hunt bits in RRO also. Once the SCC is on the 
loop, the Go Active on Poll bit should be set to "0" 
until a message is to be transmitted on the loop. To 
transmit a message on the loop, the Go Active on 
Poll bit should be set to "1 ". At this point the proces- 
sor may either write the first character to the trans- 
mit buffer and wait for a transmit buffer empty condi- 
tion, or wait for the Break/Abort and Hunt bits to be 
set in RR10 and the Loop Sending bit to be set in 
RR1 before writing the first data to the transmitter. 
The Go Active On Poll bit should be set to "0" after 
the transmission of the frame has begun. To go off 
of the loop, the processor should set the Go Active 
On Poll bit in WR1 to "0" and then wait for the Loop 
Sending bit in RR1 to be set to "0". At this point the 
Loop Mode bit (D1) in WR10 is set to "0" to request 
an orderly exit from the loop. The SCC will exit 
SDLC Loop mode when seven consecutive "1s" 
have been received ; at the same time the 
Break/Abort and Hunt bits in RRO will be set to "1", 
and the On Loop bit in RR10 will be set to "0". 
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The SCC incorporates additional circuitry to aid in 
serial communications. This circuitry includes 
clocking options, baud rate generator, data enco- 
ding, and internal loopback. This section discusses 
how to program these functions. 

Clock Options 

The SCC may be programmed to select one of se- 
veral sources to provide the transmit and receive 
clocks. In addition, the SCC requires a fundamen- 
tal, parallel resonant crystal oscillator in each chan- 
nel, as well as the ability to echo one of several in- 
ternal clock sources to the outside world. These op- 
tions are controlled by the bits in WR1 1 . 

The crystal oscillator option is controlled by bit D7 in 
WR1 1 . When this is set to "0", the crystal oscillator 
is disabled and all pins function normally. When this 
bit is set to "1" the crystal oscillator is enabled and 
a high -gain ampli fier is connected between the 
RTxC pin and the SYNC pin. While the cr ystal os- 
cillator is enabled, anything that has RTxC selected 
as its clock source will automatically be connected 
to the output of the crystal o scillator . While the crys- 
tal oscillator is enabled, the SYNC pin is obviously 
unavailable for other use. In synchronous modes no 
sync pulse is output, and the External Sync mode 
cannot be selected. In asynchronous modes the 
state of the S ync/ H unt bit in RRO is no longer con- 
trolled by the SYNC pin. Instead, the Sync/ Hunt bit 
is forced to "0". The crystal oscillator requires some 
finite time to stabilize. The oscillator must be allo- 
wed to stabilize before it is used as a clock source. 

The source of the receive clock is controlled by bits 
D6 and D5 of WR1 1 . The rec eive clo ck may b e pro- 
grammed to come from the RTxC pin , the TRxC 
pin, the output of the baud rate generator, or the 
transmit output of the DPLL. 

The source of the transmit clock is controlled by bits 
D4 and D3 of WR1 1 . The tr ansmit clock m ay be pro- 
grammed to come from the RTxC pin, the TRxC pin, 
the output of the baud rate generator, or the trans- 
mit output of the DPLL 

Ordinarily the TRxC pin is an input, but it becomes 
on output if this pin has not been selected as the 
source for the transmitter or the receiver, and bit D2 
of WR1 1 is set to "1" . The selection of the signal 
provided on the TRxC oupu t pin is controlled by bits 
D1 and DO of WR1 1 . The TRxC pin may be pro- 
grammed to provide the output of the crystal oscil- 



lator, the output of the baud rate generator, the re- 
ceive output of the DPLL or the actual transmit 
clock. If the output of the crystal oscillator is selec- 
ted buUhe crystal oscillator has not been enabled 
the TRxC pin will be driven HIGH. T he opti on of pla- 
cing the transmit colck signal on the TRxC pin when 
it is an output allows access to the transmit output 
of the DPLL. 

Figure 32 shows a simplified schematic diagram of 
the circuitry used in the clock multiplexing. It shows 
the inputs to the multiplexer section as well as the 
various signal inversions that occur in the paths to 
the outputs. Also shown are the edges used by the 
receiver, transmitter, baud rate generator and DPLL 
to sample or send data or otherwise change state. 
For example, the receiver samples data on the fal- 
ling edge, but sinc e there is an inversion in the clock 
path between th e RTx C pin and the receiver, a ri- 
sing edge of the RTxC pin samples the data for the 
receiver. 

Selection of the clocking options may be done any- 
where in the initialization sequence, but the final va- 
lues must be selected before the receiver, transmit- 
ter, baud rate generator, or DPLL are enabled to 
prevent problems from arbitrarily narrow clock si- 
gnals out of the multiplexers. The same is true of 
the crystal oscillator, in that the output should be al- 
lowed to stabilize before it is used as a clock source. 

Baud Rate Generator 

Figure 33 shows a block diagram of the baud rate 
generator. It consists of a 1 6-bit down-counter, two 
8-bit time constant registers and an output divide- 
by-two. The baud rate generator input comes from 
the output of a two-input multiplexer, the zero count 
condition is output to the External/ Status Interrupt 
Section. The baud rate generator may be enabled 
and disabled by command and is disabled by a 
hardware reset. 

The time constant for the baud rate generator is pro- 
grammed in WR12 and WR13, with the least-signi- 
ficant byte in WR1 2. The formulas relating the baud 
rate to the time constant and vice versa are shown 
with an example. In these formulas the baud rate 
generator clock frequency is in Hertz, the desired 
baud rate in bits/ second and the time constant is 
dimension less. The example in Table 7 assumes a 
2.4576 MHz clock factor of 16 and shows the time 
constant for a number of popular baud rates. 
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Time Constant Formulas : 



Table 7 : Baud Rate Example. 



Time Constant = 



Clock Frequency 



-2 



Baud Rate = - 



2 • (Clock Mode) • (Baud Rate) 
Clock Frequency 



2 • (Clock Mode) • (Time Const. + 2) 



The clock source for the baud rate generator is se- 
lected by bit Di of WR14. When this bit is set to "0" 
the baud rate generator uses the signal on the TxC 

Figure 32 : Clock Multiplexer. 
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pin as its clock, independent of whether the TxC pin 
is a simple input or part of the crystal oscillator cir- 
cuit. When this bit is set to "1" the baud rate gene- 
rator is clocked by PCLK. To avoid metastable pro- 
blems in the counter, this bit should be changed on- 



ly while the baud rate generator is disabled, since 
arbitrarily narrow pulses can be generated at the 
output of the multiplexer when it changes status. 
The baud rate generator is enabled while bit Do of 
WR14 is set to "1" and is disabled while this bit is 



Figure 33 : Baud Rate Generator. 
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Figure 34 : Baud Rate Generator Start-Up. 
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set to "0". To prevent metastabie problems when 
the baud rate generator is first enabled, the enable 
bit is synchronized to the baud rate ge-nerator clock. 
This introduces an additional delay then the baud 
rate generator is first enabled and this is shown in 
Figure 5-3. The baud rate generator is disabled im- 
mediately when bit Do of WR1 4 is set to "0", because 
the delay is only necessary on startup. The baud 
rate generator may be enabled and disabled on the 
fly, but this delay on startup must be taken into consi- 
deration. 

Upon reaching a count of "0" the time constant held 
in WR1 2 and WR1 3 is reloaded into the downcoun- 
ter so that the process of counting down may start 
over. In addition to reloading the time constant, the 
output of the baud rate generator toggles, and for 
the clock cycle with a zero count, the zero count si- 
gnal goes active to the External/Status Section. This 
zero count condition from the baud rate generator 
does not persist, so if it is to be used by the proces- 
sor, it should be latched in the External/Status latch. 
While the baud rate generator is disabled the state 
of the zero count signal is held. This signal is forced 
active by a hardware reset. 

Figure 35 : Data Encoding Methods. 



initializing the baud rate generator is done in four 
steps. First, the time constant is determined and loa- 
ded into WR1 2 and WR1 3. Next, the processor must 
select the clock source for the baud rate generator 
by writing to bit Di of WR14. Finally, the baud rate 
generator is enabled by setting bit Do of WR1 4 to 
"1". Note that the first write to WR14 is not neces- 
sary a fter a h ardware reset if the clock source is to 
be the RTxC pin. This is becau se a hardware reset 
automatically selects the RTxC pin as the baud rate 
generator clock source. 

Data Encoding 

The SCC provides four different data encoding me- 
thods, selected by bits D6 and D5 in WR10. An 
example for these four encoding methods is shown 
in Figure 35. Any encoding method may be used in 
any X1 mode in the SCC, asynchronous or synchro- 
nous. The data encoding selected is active even 
though the transmitter or receiver may be idling or 
disabled. 

In NRZ encoding a "1 " is represented by a HIGH le- 
vel and a "0" is represented by a LOW level. In this 
encoding method only a minimal amount of clocking 
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SUPPORT CIRCUITRY PROGRAMMING (cont'd) 

information is available in the data stream in the form 
of transitions on bit-cell boundaries. In an arbitrary 
data pattern this may not be sufficient to generate a 
clock for the data from the data itself. In the case of 
SDLC, where the number of consecutive "1 s" in the 
data stream is limited, a minimum number of trans- 
itions to generate a clock are guaranteed. 

In FM1 encoding, also known as biphase mark, a 
transition is present on every bit cell boundary, and 
an addition transition may be present in the middle 
of the bit cell. In FM1 a "0" is sent as no transition in 
the center of the bit cell and a "1 " is sent as a transi- 
tion in the center of the bit cell. FM1 encoded data 
contains sufficient information to recover a clock 
from the data. 

In FMO encoding, also known as biphase space, a 
transition is present on every bit cell boundary and 
an additional transition may be present in the mid- 
dle on the bit cell. In FMO a "1 " is sent as no transi- 
tion in the center of the bit cell and a "0" is sent as 
a transition in the center of the bit cell. FMO enco- 
ded data contains sufficient information to recover 
a clock from the data. 

The data encoding method should be selected in 
the initialization procedure before the transmitter 
and receiver are enabled but no other restrictions 
apply. Note, in Figure 35, that in NRZ and NRZI the 
receiver samples the data only on one edge. Howe- 
ver, in FM1 and FMO the receiver samples the data 
on both edges. Also, as shown in Figure 5-4, the 
transmitter defines bit cell boundaries by one edge 
in all cases and uses the other edge in FM1 and 
FMO to create the mid-bit transition. 

Digital Phase-locked Loop 

Figure 36 shows a block diagram of the digital 
phase-locked loop. It consists of a 5-bit counter, an 
edge detector, and a pair of output decoders. The 
clock for the DPLL comes from the output of a two- 
input multiplexer, and the two outputs go to the 
transmitter and receive clock multiplexers. The 



DPLL is controlled by the seven commands that are 
encoded in bits D7, D6 and D5 of WR14. 
The clock for the DPLL is selected by two of the com- 
mands in WR14. One command selects the output 
of the baud rate generator as the cJock_source, and 
the other command selects the RTxC pjn_as_the 
clock source, independent of whether the RTxC pin 
is a simple input or part of the crystal oscillator cir- 
cuit. To avoid metastable problems in the counter, 
the clock source selection should be made only 
while DPLL is disabled, since arbitrarily narrow 
pulses can be generated at the output of the multi- 
plexer when it changes status. 

The DPLL is enabled by issuing the Enter Search 
Mode command in WR14. This command is also 
used to reset the DPLL to a known state if it is sus- 
pected that synchronization has been lost. When 
used to enable the DPLL, the Enter Search Mode 
command unlocks the counter, which is held while 
the DPLL is disabled and enables the edge detec- 
tor. If the DPLL is already enabled when this com- 
mand is issued, the DPLL also enters Search Mode. 
While in Search mode, the counter is held at a spe- 
cific count and no outputs are provided. The DPLL 
remains in this status until an edge is detected in the 
receive data stream. This first edge is assumed to 
occur on a bit cell boundary, and the DPLL will be- 
gin providing an output to the receiver that will pro- 
perly sample the data. From this point on the DPLL 
will adjust its output to remain in phase with the re- 
ceive data. If the first edge that the DPLL sees does 
not occur on a bit cell boundary, the DPLL will even- 
tually lock on to the receive data but it will take lon- 
ger to do so. 

The DPLL may be programmed to operate in either 
of two modes, as selected by command in WR14. 
In the NRZI mode the DPLL clock must be 32 times 
the date rate. In this mode the transmit and receive 
clock outputs of the DPLL are indentical, and the 
clocks are phased so that the receiver samples the 
data in the middle of the bit cell. In NRZI mode the 
DPLL does not require a transition in every bit cell, 



Figure 36 
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SUPPORT CIRCUITRY PROGRAMMING (cont'd) 

so this mode is useful for recovering the clocking in- 
formation from NRZ and NRZI data streams. In the 
FM mode the DPLL clock must be 1 6 times the da- 
ta rate. In this mode the transmit clock output of the 
DPLL lags the receive clock outputs by 90o, to make 
the transmit and receive bit cell boundaries the 
same, because the receiver must sample FM data 
at one-quarters and three-quarters bit time. In FM 
mode the DPLL requires a transition in every bit cell, 
and if this transition is not present in two consecuti- 
vely sampled bit cells, the DPLL will automatically 
enter the search mode. As in the case of the clock 
source selection, the mode of operation should on- 
ly be changed while the DPLL is disabled to prevent 
unpredictable results. 

NRZI Mode Operation 

To operate in NRZI mode the DPLL must be sup- 
plied with a clock that is 32 times the data rate. The 
DPLL uses this clock, along with the receive data, 



to construct receive and transmit clock outputs that 
are phased to properly receive and transmit data. 
To do this, the DPLL divides each bit cell into four 
regions, and makes an adjustment to the count cy- 
cle of the 5-bit counter dependent upon in which re- 
gion a transition on the receive data input occured. 
This is shown in Figure 37. Ordinarily, a bit cell 
boundary will occur between count 1 5 and count 1 6, 
and the DPLL output will cause the data to be sam- 
pled in the middle of the bit cell. The DPLL actually 
allows the transition marking a bit cell boundary to 
occur anywhere during the second half of count 15 
or the first half of count 1 6 without making a correc- 
tion to its count cycle. However, if the transition mar- 
king a bit cell boundary occurs between the middle 
of count 1 6 and count 31 the DPLL is sampling the 
data too early in the bit cell. In response to this the 
DPLL extends its count by one during the next to 
31 counting cycle, which effectively moves the edge 
of the clock that samples the receive data closer to 



Figure 37 : DPLL in NRZI Mode. 
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Figure 38 : DPLL Operating Example. 
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SUPPORT CIRCUITRY PROGRAMMING (cont'd) 

the center of the bit cell. In a similar manner, if the 
transition occurs between count and the middle of 
count 1 5, the output of the DPLL is sampling the da- 
ta too late in the bit cell. To correct this, the DPLL 
shortens its count by one during the next to 31 
counting cycle, which effectively moves the edge of 
the clock that samples the receive data closer to the 
center of the bit cell. In NRZI mode, if the DPLL does 
not see any transition during a counting cycle, no 
adjustment is made in the following counting cycle. 
If an adjustment to the counting cycle is necessary 
the DPLL modifies count five, either deleting it or 
doubling it. Thus only the LOW time of the DPLL out- 
put will be lengthened or shortened. While the DPLL 
is in search mode, the counter remains at count 1 6, 
where the DPLL outputs are both HIGH. The mis- 
sing clock latches in the DPLL which may be acces- 
sed in RR1 0, are not used in NRZI mode. An exam- 
ple of the DPLL in operation is shown in Figure 38. 

FM Mode Operation 

To operate in FM mode the DPLL must be supplied 
with a clock that is 1 6 times the data rate. The DPLL 
uses this clock, along with the receive data, to 
construct receive and transmit clock outputs that are 
phased to receive and transmit data properly. In FM 
mode that the counter in the DPLL still counts from 
to 31 but now each cycle corresponds to 2-bit cells. 
To make adjustments to remain in phase with the 
receive data, the DPLL divides a pair of bit cells in- 
to five regions, making the adjustment to the coun- 

Figure 39 : DPLL in FM Mode. 



ter dependent upon which region the transition on 
the receive data input occured. This is shown in Fi- 
gure 39. Ordinarily a bit cell boundary will occur be- 
tween count 15 or count 16, and the DPLL receive 
output will cause the data to be sampled at one- 
fourth and three-fourths of the way through the bit 
cell. The DPLL actually allows the transition marking 
a bit-cell boundary to occur anywhere during the se- 
cond half of count 1 5 or the first half of count 1 6 wi- 
thout making a correction to its count cycle. Howe- 
ver, if the transition marking a bit cell boundary oc- 
curs between the middle of count 1 6 and the mid- 
dle of count 1 9 the DPLL is sampling the data too 
early in the bit cell. In response to this the DPLL ex- 
tends its count by 1 during the next to 31 counting 
cycle, which effectively moves the receive clock 
edges closer to where they should be. In FM mode 
any transitions occurring between the middle of 
count 1 9 in one cycle and the middle of count 1 2 du- 
ring the next cycle are ignored by the DPLL. This is 
necessary to guarantee that any data transitions in 
the bit cells will not cause an adjustment to the coun- 
ting cycle. 

In FM mode the transmit clock and receive clock out- 
puts from the DPLL are not in phase. This is neces- 
sary to make the transmit and receive bit cell boun- 
daries coincide, since the receive clock must sam- 
ple the data one-fourth and three-fourths of the way 
through the bit cell. As in NRZI mode, if an adjus- 
tment to the counting cycle is necessary, the DPLL 
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SUPPORT CIRCUITRY PROGRAMMING (cont'd) 

modifies count 5, either deleting it or doubling it. If 
no adjustment is necessary, the count sequence 
proceeds normally. While the DPLL is in search 
mode, the counter remains at count 16, where the 
receive output is LOW and the transmit output is 
LOW. This fact can be used to provide a transmit 
clock under software control since the DPLL is in 
search mode while it it disabled. While the DPLL is 
disabled the transmit clock output of the DPLL may 
be toggled by alternately selecting FM and NRZI 
move in the DPLL. The same is true of the receive 
clock. 

In addition to FM encoded data, the DPLL may al- 
so be used to recover the clock from Manchester 
encoded data, which contains a transition at the 
center of every bit cell. Here it is the direction of the 
transition that distinguishes a "1" from a "0". Ano- 
ther way of looking at Manchester encoding is to 
realize that, during the first half of the bit cell the da- 
ta is sent, during the second half of the bit cell the 
complement of the data is sent. This is shown in Fi- 
gure 40, along with the DPLL output if it thinks that 
the mid-bit transitions are really bit cell boundaries. 
As is obvious from the figure, if the receiver samples 
the data on the falling edge of the DPLL receive 
clock output, the Manschester data will be properly 
decoded. This occurs if the receiver is programmed 
to accept NRZ data. 

From the above discussion together with an exami- 
nation of FMO and FM1 data encoding, it should be 
obvious that only clock transitions should exist on 
the receive data pin when the DPLL is programmed 
to enter search mode. If this is not case the DPLL 
may attempt to lock on to the data transitions. With 
FMO encoding this requires continuous "1s" recei- 
ved when leaving search. In FM1 encoding it is 
continuous "0s" ; which Manchester encoded data 
this means alternating "1s" and "0s". With all three 
of these data encoding methods there will always 
be at least one transition in every bit cell, and in FM 

Figure 40 : Manchester Clock Recovery. 



mode the DPLL is designed to expect this transition. 
In particular, if no transition occurs between the mid- 
dle of count 1 2 and the middle of count 1 9, the DPLL 
is propably not locked onto the data properly. When 
the DPLL misses an edge the One Clock Missing bit 
is RR1 is set to "1 " and latched. It will hold this va- 
lue until a Reset Mission Clock command is issued 
in WR14 or until the DPLL is disabled or program- 
med to enter the Search mode. Upon missing this 
one edge the DPLL takes no other action and does 
not modify its count during the next counting cycle. 
However, if the DPLL does not see an edge between 
the middle of count 12 and the middle of count 19 
in two successive to 31 count cycles, a line error 
condition is assumed. If this occurs, the two Clocks 
Mission bit in RR10 is set to "1" and latched. At the 
same time the DPLL enters the Search mode. The 
DPLL makes the decision to enter Search mode du- 
ring count 2, where both the receive clock and trans- 
mit clock outputs are LOW. This prevents any 
glitches on the clock outputs when search mode is 
entered. While in search mode no clock outputs are 
provided by the DPLL The Two Clocks Missing bit 
in RR1 is latched until a Reset Missing Clock com- 
mand is issued in WR14, or until the DPLL is disa- 
bled or programmed to enter the Search mode. 

DPLL Initialization 

Initialization of the DPLL may be done at any time 
during the initialization sequence, but should proba- 
bly be done after the clock modes have been selec- 
ted in WR1 1 , and before the receiver and transmit- 
ter are enabled. When initializing the DPLL the clock 
source should be selected first, followed by the se- 
lection of the operating mode. At this point the DPLL, 
may be enabled by issuing the Enter Search Mode 
command in WR14. Note that a channe l or ha rd- 
ware reset disables the DPLL, selects the RTxC pin 
as the clock source for the DPLL, and places it in 
the NRZI mode. 
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SUPPORT CIRCUITRY PROGRAMMING (cont'd) 
Internal Loopback/Auto Echo 

The SCC contains two other features useful for dia- 
gnostic purposes, controlled by bits in WR14. They 
are local loopback and auto echo. 

Local loopback is selected when bit D4 of WR14 is 
set to "1". In this mode the output of the transmitter 
is internally connected to the input of the receiver. 
At the same time the TxD pin re mains connected to 
the transmitter. In this mode the P CD pin is ignored 
as a receive enable and the CTS pin is ignored as 
a transmitter enable even if the Auot Enables mode 
has been selected. Note that the DPLL input is 
connected to the RxD pin, not to the input of the re- 
ceiver. This precludes the use of the DPLL in local 
loopback. 

Figure 41 : Local Loopback. 



Auto echo is selected when bit D3 of WR1 4 is set to 
"1". In this mode the TxD pin is connected directly 
to the RxD pin, and the receiver inpu t is connected 
to the RxD pin. In this mode the CTS pin is ignored 
as a transmitter enable and the output of the trans- 
mitter does not connect to anything. If both the Lo- 
cal Loopback and Auto Echo bits are set to "1 ", the 
auto ec ho mo de will be selected, but both the CTS 
pin and DCD pin will be ignored as auto enables. 
This, however, should not be considered a normal 
operating mode, however. Local Loopback is shown 
schematically in Figure 41 and auto echo is shown 
schematically in Figure 42. 
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Figure 42 : Auto Echo. 
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REGISTERS DESCRIPTION 

The following section describes the SCC registers. 
Each register is detailed in terms of bit configuration, 
the active states (See Table 8) of each bit, their de- 
finitions, their functions, and their effects upon the 
internal hardware and external pins. 

Table 8 : SCC Registers Description. 



Read 
Register 



Description 



RRO Xmit/Receive Buffer Status and Ext Status 

RR1 Receive Condition Status/Residue Codes 

RR2 Interrupt Vector (modified in BChannel) 

RR3 Interrupt Pending (Channel Aonly) 

RR8 Receive Buffer 

RR10 Loop/Clock Status 

RR12 Lower Byte of Time Constant 

RR13 Upper Byte of Time Constant 

RR15 External Status Interrupt Enable 



Write 
Register 



Description 



WRO Command Register 

WR1 Tx/Rx Interrupt and Data Xfer Mode 

Definition 
WR2 Interrupt Vector 
WR3 Receive Parameters and Control 
WR4 Tx/Rx Miscellaneous Parameters and 

Modes 
WR5 Transmit Parameter and Controls 
WR6 • Sync Character or SDLC Address Field 
WR7 Sync Character or SDLC Flag 
WR8 Transmit Buffer 
WR9 Master Interrupt Control 
WR10 Misc Transmitter/Receiver Control Bits 
WR11 Clock Mode Control 
WR12 Lower Byte Baud Rate Generator Time 

Constant 
WR13 Upper Byte of Baud Rate Generator Time 

Constant 
WR14 Miscellaneous Control Bits 
WR15 External Status/Interrupt Control 



WRITE REGISTERS 

The SCC write register set in each channel includes 
ten control registers (among them is the transmit 
buffer), two sync character registers, and two baud 
rate time constant registers. The interrupt control re- 
gister and the master interrupt control and reset re- 
gister are shared by both channels. 

Write Register (command register). WRO is the 

command register and the CRC reset code register. 
Figure 43 shows the bit configuration for the Z8530 
and includes register select bits in addition to com- 
mand and reset codes. 

Bits D7 and D6 : CRC Reset Codes And 1 

Null Code (00). This command has no effect on the 
SCC and is used when a write to WRO is necessa- 
ry for some reason other than a CRC Reset com- 
mand. 



Reset Receive CRC Checker (01 ). This command 
is used to initialize the receive CRC circuitry. It is 
necessary in synchronous modes (except SDLC) if 
the Enter Hunt Mode command in Write Register 3 
is not issued between received messages. Any ac- 
tion that disables the receiver initializes the CRC cir- 
cuitry. Resetting the Receive CRC Checker com- 
mand is accomplished automatically in SDLC 
mode. 

Reset Transmit CRC Generator (10). This com- 
mand initializes the CRC generator. It is usually is- 
sued in the initialization routine and after the CRC 
has been transmitted. A Channel Reset will not ini- 
tialize the generator and this command should not 
be issued until after the transmitter has been en- 
abled in the initialization routine. 

Reset Transmit Underrun/EOM Latch (11). This 
command controls the transmission of CRC at the 
end of transmission (EOM). If this latch has been 
reset, and a transmit underrun occurs, the SCC 
automatically appends CRC to the mes-sage. In 
SDLC mode with Abort on Underrun se-lected, the 
SCC sends an abort, and Flag on under-run if the 
TX Underrun/EOM latch as been reset. 

At the start of CRC transmission, the Tx Under- 
run/EOM latch is set. The Reset command can be 
issued at any time during a message. If the trans- 
mitter is disabled, this command will not reset the 
latch. However, if no External Status interrupt is 
pending, or if a Reset External Status Int command 
accompanies this command while the transmitter is 
disabled, an External/Status interrupt is generated 
with the Tx Underrun/ EOM bit reset in RRO. 

Bits D5-D3 : Command Codes 

Null Code (000). The Null command has no effect 
on the SCC. 

Point High (001). This command effectively adds 
eight to the Register Pointer (B2-B0) by allowing 
WR8 through WR1 5 to be accessed. The Point High 
command and the Register Pointer bits are written 
simultaneously. 

Reset External/Status Interrupts (010). After an 
External/Status interrupt (a change on a modem 
line or a break condition, for example), the status 
bits in RRO are latched. This command re-enables 
the bits and allows interrupts to occur again as a re- 
sult of a status change. Latching the status bits cap- 
tures short pulses until the CPU has time to read 
the change. The SCC contains simple queueing lo- 
gic associated with most of the external status bits 
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REGISTERS DESCRIPTION (cont'd) 

in RRO. If another External/Status condition 
changes while a previous condition is still pending 
(Reset External/Status Interrupts has not yet been 
issued) and this condition persists until after the 
command is issued, this second change causes 
another External/Status interrupt. However, if this 
second status change does not persist (there are 
two transitions), another interrupt is not generated. 
Exceptions to this rule are detailed in the RRO des- 
cription. 

Figure 43 : Write Register (Z8530). 
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REGISTER 
REGISTER 1 
REGISTER 2 
REGISTER 3 
REGISTER 4 
REGISTER 5 
REGISTER 
REGISTER 7 
REGISTER 8 
REGISTER 9 
REGISTER 10 
REGISTER 11 
REGISTER 12 
REGISTER 13 
REGISTER 14 
REGISTER 15 



NULL CODE 

POINT HIGH 

RESET EXT/STATUS INTERRUPTS 

SEND ABORT (SDLQ 

ENABLE INT ON NEXT Rx CHARACTER 

RESET TxINT PENDING 

ERROR RESET 

RESET HIGHEST IUS 



NULL CODE 

RESET Rx CRC CHECKER 
RESET Tx CRC GENERATOR 
RESET Tx UNDERRUN/EOM LATCH 



"WITH POINT HIGH COMMAND 



Send Abort (01 1). This command is used in SDLC 
mode to transmit a sequence of eight to thirteen 
"1 s". This command always empties the transmit 
buffer and sets Tx Underrun/EOM bit in Read Re- 
gister 0. 

Enable Interrupt On Next Rx Character (100). If 

the interrupt on the First Received Character mode 
is selected, this command is used to reactivate that 
mode after each message is received. The next cha- 
racter to enter the receive FIFO causes a Receive 
interrupt. Alternatively,, the first previously stored 
character in the FIFO will cause a Receive interrupt. 

Reset Tx Interrupt Pending (101). This command 
is used in cases where there are no more charac- 
ters to be sent ; e.g., at the end of a message. This 
command prevents further transmit interrupts until 
after the next character has been loaded into the 
transmit buffer or until CRC has been completely 
sent. This command is necessary to prevent the 
transmitter from requesting an interrupt when the 
transmit buffer becomes empty (with Transmit Inter- 
rupt Enabled). 

Error Reset (110). This command resets the error 
bits in RR1 . If Interrupt on First Rx Character or In- 
terrupt on Special Condition modes are selected 
and a special condition exists, the data with the spe- 
cial condition is held in the receive FIFO until this 
command is issued. If either of these modes is se- 
lected and this command is issued before the data 
has been read from the receive FIFO, the data is 
lost. 

Reset Highest IUS (111). This command resets the 
highest priority Interrupt Under Service (IUS) bit, al- 
lowing lower priority conditions to request interrupts. 
This command allows the use of the internal daisy 
chain (even in systems without an extenal daisy 
chain) and should be the last operation in an inter- 
rupt service routine. 



Bits 2 through . 
Code 



Register Selection 



These three bits select Registers through 7. With 
the Point High command, Registers 8 through 15 
are selected. 

The following is a summary of the bit descriptions 
for each write register (WR1-WR15) 

Write Register 1 (transmit/receive interrupt and 
data transfer mode definition).Write Register 1 is 
the control register for the various SCC interrupt and 
Wait/Request modes. Figure 44 shows the bit assi- 
gnments for WR1 . 
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REGISTERS DESCRIPTION (cont'd) 
Bit 7 : WAIT/DMA Request Enable 

This bit enables the Wait/Request function in 
conjunction with the Request/Wait Function Select 
bit (B6). If bit 7 is set to "1", the state of b it 6 deter- 
mines the activity of the WAIT/REQUEST pin (Wait 
or Request). If bit 7 i s set to "0", the se lected func- 
tion (bit 6) forces the WAIT/REQUEST pin in to the 
appropriate inactive state (High for Request, floating 
for Wait). 

Bit 6 : WAIT/ DM A Request Function 

The request function is select ed by setting this b it to 
"1 '*. In the Request mode, the WAIT/REQUEST pin 
switches from High to Low when the SCC is ready 
to transfer data. When this bit is "0", the wait func- 
tion is s elected. In the Wait mode, the WAIT/RE- 
QUEST pin switches from floating to Low when the 
CPU attempts to transfer data before the SCC is 
ready. 

Bit 5 : WAIT/DMA Request On Receive 
Transmit 



This bit determines whether the WAIT/REQUEST 
pin operates in the Transmit mode or the Receive 
mode. When set to "1", this bit allows the wait/re- 
quest function to follow the state of the receive buff- 
er ; i.e., depend ing on the state of bit 6, the 
WAIT/REQUEST pin is active or inactive in relation 
to the empty or full state of the receive buffer. 
Conversely, if this bit is set to "0", the state of the 
WAIT/REQUEST pin is determined by bit 6 and the 
state of the transmit buffer. (Note t hat a transmit re- 
quest function is available on the DTR/REQUEST 

Figure 44 : Write Register 1. 



pin. This allows full-duplex operation under DMA 
control for both channels.) 

The request function may occur only when the SCC 
is not selected ; e.g., if the internal request becomes 
active while the SCC is in the middle gf a read or 
write cycle, the external request will not become ac- 
tive until the cycle is complete. An active request 
output causes a DMA controller to initiate a read or 
write operation. If the request on Transmit mode is 
selected in either SDLC or Synchronous Mode, the 
Request pin is pulsed Low for one PCLK cycle at 
the end of CRC transmission to allow the immediate 
transmission of another block of data. 



If the Wait On Receive mode, the WAIT pin is active 
if the CPU attempts to read SCC data that has not 
yet been received. In the Wait On Transmit mode, 
the WAIT pin is active if the CPU attempts to write 
data when the transmit buffer is still full. Both situa- 
tions can occur frequently when block transfer in- 
structions are used. 

Bits 4 and 3 : Receive Interrupt Modes 

These two bits specify the various character-availa- 
ble conditions that may cause interrupt requests. 

Receive Interrupts Disabled (00). This mode pre- 
vents the receiver from requesting an interrupt and 
is normally used in a polled environment where ei- 
ther the status bits on RR0 or the modified vector in 
RR2 (Channel B) can be monitored to initiate a ser- 
vice routine. Although the receiver interrupts are di- 
sabled, a special condition can still provide a unique 
vector status in RR2. 
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REGISTERS DESCRIPTION (cont'd) 

Receive Interrupt On First Character Or Special 
Condition (01). The receiver requests an interrupt 
in this mode on the first available character (or sto- 
red FIFO character) or on a special condition. Sync 
characters to be stripped from the message stream 
do not cause interrupts. 

Special receive conditions are : receiver overrun, 
framing error, end of frame, or parity error (if selec- 
ted). If a special receive condition occurs, the data 
containing the error is stored in the receive FIFO un- 
til an Error Reset command is issued by the CPU. 

This mode is usually selected when a Block Trans- 
fer mode is used. In this interrupt mode, a pending 
special receive condition remains set until either an 
Error Reset command, a channel or hardware re- 
set, or until receive interrupts are disabled. 

The Receive Interrupt on First Character or Special 
Condition mode can be re-enabled by the Enable 
Rx Interrupt on Next Character command in WRO. 

Interrupt On All Receive Characters Or Special 
Condition (10). This mode allows an interrupt for 
every character received (or character in the receive 
FIFO) and provides a unique vector when a special 
condition exists. The receiver Overrun bit and the 
Parity Error bit in RR1 are two special conditions that 
are latched. These two bits must be reset by the Er- 
ror Reset command. Receiver overrun is always a 
special receive condi-tion, and parity can be pro- 
grammed to be a special condition. 

Data characters with special receive conditions are 
not held in the receive FIFO in the Interrupt On All 
Receive Characters or Special Conditions Mode as 
they are in the other receive interrupt modes. 

Receive Interrupt On Special Condition (1 1 ). This 
mode allows the receiver to interrupt only on cha- 

Figure 45 : Write Register 2. 
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racters with a special receive condition. When an in- 
terrupt occurs, the data containing the error is held 
in the receive FIFO until an Error Reset command 
is issued. When using this mode in conjunction with 
a DMA, the DMA can be initialized and enabled be- 
fore any characters have been received by the SCC. 
This eliminates the time critical section of code re- 
quired in the Receive Interrupt on First Character or 
Special condition mode ; i.e., all data can be trans- 
ferred via the DMA so that the CPU need not han- 
dle the first received character as a special case. 

Bit 2 : Parity Is Speciai Condition 

If this bit is set to "1", any received characters with 
parity not matching the sense programmed in WR4 
give rise to a Special Receive Condition. If parity is 
disabled (WR4), this bit is ignored. A special condi- 
tion modifies the status of the interrupt vector sto- 
red in WR2. During an interrupt acknowledge cycle, 
this vector can be placed on the data bus. 

Bit 1 : Transmitter Interrupt Enable 

If this bit is set to "1 ", the transmitter requests an in- 
terrupt whenever the transmit buffer becomes emp- 
ty- 

Bit : External/Status Master Interrupt 
Enable 

This bit is the mas ter enable for Exter nal/Status in- 
terrupts including DCD, CTS, SYNC pins, break, 
abort, the beginning of CRC transmission when the 
Transmit/Underrun/EOM latch is set, or when the 
counter in the baud rate generator reaches "0". 
Write Register 1 5 contains the individual enable bits 
for each of these sources of External/Status inter- 
rupts. This bit is reset by a channel or hardware re- 
set. 

Figure 46 : Write Register 3. 
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REGISTERS DESCRIPTION (cont'd) 

Write Register 2 (interrupt vector). WR2 is the in- 
terrupt vector register. Only one vector register 
exists in the SCC, but it can be accessed through 
either channel. The interrupt vector can be modified 
by status information. This is controlled by the Vec- 
tor Includes Status (VIS) and the Status High/Sta- 
tus Low bits in WR9. The bit positions for WR2 are 
shown in Figure 45. 

Write Register 3 (receive parameters and 
control). This register contains the control bits and 
parameters for the receiver logic as illustrated in Fi- 
gure 46. 

Bits 7 and 6 : Receiver Bits/Character 

The state of these two bits determines the number 
of bits to be assembled as a character in the recei- 
ved serial data stream. The number of bits per cha- 
racter can be changed while a character is being as- 
sembled but only before the number of bits current- 
ly programmed is reached. Unused bits in the Re- 
ceived Data Register (RR8) are set to "1" in asyn- 
chronous modes and SDLC modes, the SCC mere- 
ly transfers an 8-bit section of the serial data stream 
to the receive FIFO at the appropriate time. Table 9 
lists the number of bits per character in the assem- 
bled character format. 

Table 9 : Receive Bits/Character 



B 7 


B 6 






1 
1 




1 


1 


5 Bits / Character 

7 Bits / Character 

6 Bits / Character 

8 Bits / Character 



Bit 5 : Auto Enables 

This bit pr ogram s the function for both the DCD and 
CTS pins. GTS becomes the transmitter enable and 
DCD becomes the receiver enable when this bit is 
set to "1 ". However, the Receiver Ena ble an d T rans- 
mit Enable bits must be set before the DCD and CTS 
pins can be used in this ma nner. Whe n the Auto En- 
ables bit is set to "0", the DCD and CTS pins are 
merely inputs to the corresp ondin g status bits in 
Read Register 0. The state of DCD i s igno red in the 
Local Loopback mode. The state of CTS is ignored 
in both Auto Echo and Local Loopback modes. 

Bit 4 : Enter Hunt Mode 

This command forces the comparison of sync cha- 
racters or flags to assembled receive characters for 
the purpose of synchronization. After reset, the SCC 
automatically enters the Hunt mode (except asyn- 
chronous). Whenever a flag or sync character is 
matched, the Sync/Hunt bit in Read Register is re- 



set and, if External/Status Interrupt Enable is set, 
an interrupt sequence is initiated. The SCC auto- 
matically enters the Hunt mode when an abort 
condition is received or when the receiver is disa- 
bled. 

Bit 3 : Receiver CRC Enable 

This bit is used to initiate CRC calculation at the be- 
ginning of the last byte transferred from the Recei- 
ver Shift register to the receive FIFO. This opera- 
tion occurs independently of the number of bytes in 
the receive FIFO. When a particular byte is to be 
excluded from CRC calculation, this bit should be 
reset before the next byte is transferred to the re- 
ceive FIFO. If this feature is used, care must be ta- 
ken to ensure that eight bits per character is selec- 
ted in the receiver because of an inherent delay 
from the Receive Shift register to the CRC checker. 

This bit is internally set to "1 " in SDLC mode and the 
SCC calculates CRC on all bits except inserted ze- 
ros between the opening and closing character 
flags. This bit is ignored in asynchronous mode. 

Bits 2 : Adress Search Mode (SDLC) 

Setting this bit in SDLC mode causes messages 
with addresses not matching the address program- 
med in WR6 to be rejected. No receiver interrupts 
can occur in this mode unless there is an address 
match. The address that the SCC attempts to match 
can be unique (1 in 256) or multiple (1 6 in 256), de- 
pending on the state of Sync Character Load Inhi- 
bit bit. The Address Search mode bit is ignored in 
all modes except SDLC. 

Bit 1 : SYNC Character Load Inhibit 

If this bit is set to "1 " in any synchronous mode ex- 
cept SDLC, the SCC compares the byte in WR6 with 
the byte about to be stored in the FIFO, and it inhi- 
bits this load if the bytes are equal. The SCC does 
not calculate the CRC on bytes stripped from the 
Data stream in the manner. If the 6-bit sync option 
is selected while in Monosync mode, the compare 
is still across eight bits, so WR6 must be program- 
med for proper operation. 

If the 6-bit sync option is selected with this bit set to 
"1 ", all sync characters except the one immediate- 
ly preceding the data are stripped from the mes- 
sage. If the 6-bit sync option is selected while in the 
Bisync mode, this bit is ignored. 

The address recognition logic of the receiver is mo- 
dified in SDLC mode if this bit is set to "1 ", i.e., on- 
ly the four most significant bits of WR6 must match 
the receiver address. This procedure allows the 
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REGISTERS DESCRIPTION (cont'd) 

SCC to receive frames from up to 16 separate 
sources without programming WR6 for each source 
(if each station address has the four most significant 
bits in common). The address field in the frame is 
still eight bits long. 

This bit is ignored in SDLC mode if Address Search 
mode has not been selected. 

Bit : Receiver Enable 

When this bit is set to "1 ", receiver operation begins. 
This bit should be set only after all other receiver pa- 
rameters are established and the receiver is com- 
pletely initialized. This bit is reset by a channel or 
hardware reset command, and it disables the recei- 
ver. 

Write Register 4 (transmit/receiver miscella- 
neous parameters and modes). WR4 contains the 
control bits for both the receiver and the transmitter. 
These bits should be set in the transmit and recei- 
ver initialization routine before issuing the contents 
of WR1, WR3, WR6, and WR7. Bit positions for 
WR4 are shown in Figure 47. 

Bits 7 and 6 : Clock Rate 1 And 

These bits specify the multiplier between the clock 
and data rates. In synchronous modes, the 1 S mode 
is forced internally and these bits are ignored unless 
External Sync mode has been selected. 

1X Mode (00). The clock rate and data rate are the 
same. In External Sync mode , this bit combination 
specifies that only the SYNC pin can be used to 
achieve character synchronization. 

16X Mode (01). The clock rate is 16 times the data 
rate. In External Sync mode, this bit combin-ation 
specifies that only the SYNC pin can be used to 
achieve character synchronization. 

32X Mode (10). The clock rate is 32 times the data 
rate. In External Sync mode, this bit combination 
specifies that either the SYNC pin or a match with 
the character stored in WR7 will signal character 
synchronization. The sync character can be either 
six or eight bits long as specified by the 6-bit/8-bit 
Sync bit in WR10. 

64X Mode (11). The clock rate is 64 times the data 
rate. With this bit combination in External Sync 
mode, both the receiver and transmitter are placed 
in SDLC mode. The onl y variat ion from normal 
SDLC operation is that the SYNC pin can be used 
to start or stop the reception of a frame by forcing 
the receiver to act as though a flag had been recei- 
ved. 



Bits 5 and 4 : SYNC Modes 1 And 

These two bits select the various options for charac- 
ter synchronization. They are ignored unless syn- 
chronous modes are selected in the stop bits field 
of this register. 

Monosync (00). In this mode, the receiver achieves 
character synchronization by matching the charac- 
ter stored in WR7 with an identical character in the 
received data stream. The transmitter uses the cha- 
racter stored in WR6 as a time fill. The sync charac- 
ter can be either six or eight bits, depending on the 
state of the 6-bit/8-bit Sync bit in WR1 0. If the Sync 
Character Load Inhibit bit is set, the receiver strips 
the contents of WR6 from the data stream if recei- 
ved within character boundaries. 

Bisync (01). The concatenation of WR7 with WR6 
is used for receiver synchronization and as a time 
fill by the transmitter. The sync character can be 1 2 
or 16 bits in the receiver, depending on the state of 
the 6-bit/8-bit Sync bit in WR10. The transmitted 
character is always 16 bits. 

SDLC Mode (10). In this mode, SDLC is selected 
Figure 47 : Write Register 4. 
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PARITY ENABLE 
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SYNC MODES ENABLE 
1 STOP BIT/CHARACTER 
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2 STOP BITS/CHARACTER 
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REGISTERS DESCRIPTION (cont'd) 

and requires a Flag (01111110) to be written to 
WR7. The receiver address field should be written 
to WR6. The SDLC CRC polynomial must also be 
selected (WR5) in SDLC mode. 

External Sync Mode (11). In this mode, the SCC 
expects extern al logic to signal character synchro- 
nization via the SYNC pin. If the crystal oscilla tor op- 
tion is selected (in WR1 1 ), the internal SYNC signal 
is forced to "0". In this mode, bits B7-B6 of this re- 
gister select special version of External Sync mode. 
In this mode, the transmitter is in Monosync mode 
using the contents of WR6 as the time fill with the 
sync character length specified by the 6-bit/8-bit 
SyncbitinWRIO. 

Bits 3 and 2 : Stop Bits 1 and 

These bits determine the number of stop bits added 
to each asynchronous character that is transmitted. 
The receiver always checks for one stop bit in Asyn- 
chronous mode. A Special mode specifies that a 
Synchronous mode is to be selected. B2 is always 
set t0 "1 " by a channel or hardware reset to ensure 
that the SYNC pin is in a known state after a reset. 

Synchronous Modes Enable (00). This bit combi- 
nation selects one of the synchronous modes spe- 
cified by bits B4, B5, B6, and B7 of this register and 
forces the 1X Clock mode internally. 

1 Stop Bit/Character (01). This bit selects Asyn- 
chronous mode with one stop bit per character. 

11/2 Stop Bits/Character (10). These bits select 
Asynchronous mode with 1 -1/2 stop bits per charac- 
ter. This mode can not be used with the 1 X clock 
mode. 

Figure 48 : Write Register 5. 
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2 Stop Bits/Character (1 1 ). These bits select Asyn- 
chronous mode with two stop bits per transmitted 
character and check for one received stop bit. 

Bit 1 : Parity Even/066 

This bit determines whether parity is checked as 
even or odd. A "1" programmed here selects even 
parity, and a "0" selects odd parity. This bit is igno- 
red if the Parity Enable bit is not set. 

Bit : Parity Enable 

When this bit is set, an additional bit position beyond 
those specified in the bits/character control is added 
to the transmitted data and is expected in the re- 
ceive data. The Received Parity bit is transferred to 
the CPU as part of the data unless eight bits per cha- 
racter is selected in the receiver. 

Write Register 5 (transmit parameter and 
controls). WR5 contains control bits that affect the 
operation of the transmitter. B2 affects both the 
transmitter and the receiver. Bit positions for WR5 
are shown in Figure 48. 

Bit 7 : Data Terminal Ready 



This is the control bit for the DTR/REQ pin while the 
pin i s in t he DTR mode (sele cted in WR14). When 
set, DTR is Low ; when res et, DTR is High. This bit 
is ignored wh en DTR/REQ is programmed to act as 
a REQUEST pin. This bit is reset by a channel or 
hardware reset. 

Bits 6 and 5 : TXBits/Character 1 and 

These bits control the number of bits in each byte 
transferred to the transmit buffer. Bits sent must be 
right justified with lease significant bits first. 

The Five Or Less mode allows transmission of one 
to five bits per character ; however, the CPU should 
form at the data character as shown below in Ta- 
ble 10. In the Six or Seven Bits/Character modes, 
unused data bits are ignored. 

Table 10 : Tx Bits/Character 1 and 0. 
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5 or less bits / character 

7 bits / character 

6 bits / character 

8 bits / character 
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Sends one data bit 
Sends two data bits 
Sends three data bits 
Sends four data bits 
Sends five data bits 
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REGISTERS DESCRIPTION (cont'd) 
Bit 4 : Send Break 

When set, this bit forces the TxD output to send 
continuous M 0s" beginning with the following trans- 
mit clock, regardless of any data being transmitted 
at the time. This bit functions whether or not the 
transmitter is enabled. When reset, TxD continues 
to send the contents of the Transmit Shift register, 
which might be syncs, data or all "1s". If this bit is 
set while in the X21 mode (Monosync and Loop 
mode selected) and character synchronization is 
achieved in the receiver, this bit is automatically re- 
set and the transmitter begins sending syncs or da- 
ta. This bit can also be reset by a channel or hard- 
ware reset. 

Bit 3 : Transmit Enable 

Data is not transmitted until this bit is set, and the 
TxD output sends continuous "1 s" unless Auto Echo 
mode or SDLC Loop mode is selected. If this bit is 
reset after transmission started, the transmission of 
data or sync characters is completed. If the trans- 
mitter is disabled during the transmission of a CRC 
character, sync or flag characters are sent instead 
of CRC. This bit is reset by a channel or hardware 
reset. 



Bit 2 :SDLC/CRC-16 

This bit selects the CRC polynomial used by both 
the transmitter and receiver. When set, the CRC-1 6 
polynomial is used ; when reset, the SDLC polyno- 
mial is used. The SDLC/CRC polynomial must be 
selected when SDLC mode is selected. The CRC 
generator and checker can be preset to all "Os" or 
all "1s", depending on the state of the Preset 1/ Pre- 
set bit in WR10. 

Bit 1 : Request To Send 

This is the control bit for the RTS pin. When the RTS 
bit is set, the RST pin goes Low ; when reset, RTS 

Figure 49 : Write Register 6. 



goes High. In the Asynchronous mode with the Auto 
Enables bit set, RST goes High only after all bits of 
the character have been sent and the transmit buf- 
fer is empty. In synchronous modes of the Asyn- 
chronous mode with auto enables off, the pin direct- 
ly follows the state of this bit. This bit is reset by a 
channel or hardware reset. 

Bit : Transmit CRC Enable 

This bit determines whether or not CRC is calcula- 
ted on a transmit character. If this bit is set at the 
time the character is loaded from the transmit buf- 
fer to the Transmit Shift register, CRC is calculated 
on that character. CRC is not automatically sent un- 
less this bit is set when the transmit underrun exists. 

Write Register 6 (sync characters or SDLC ad- 
dress field). WR6 is programmed to contain the 
transmit sync character in the Monosync mode, the 
first byte of a 16-bit sync character in the External 
Sync mode. WR6 is not used in asynchronous 
modes. In the SDLC modes, it is programmed to 
contain the secondary address field used to com- 
pare against the address field of the SDLC Frame. 
In SDLC mode, the SCC does not automatically 
transmit the station address at the beginning of the 
response frame. Bit positions for WR6 are shown in 
Figure 49. 

Write Register 7 (sync character or SDLC flag). 

WR7 is programmed to contain the receive sync 
character in the Monosync mode, a second byte (the 
last eight bits) of a 16-bit sync character in the Bi- 
sync mode, or a Flag character (01 1 1 1 1 10) in the 
SDLC modes. WR7 may hold the receive sync cha- 
racter or a flag if one of the special versions of the 
External Sync mode is selected. WR7 is not used in 
Asynchronous mode. Bit positions for WR7 are 
shown in Figure 50. 
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REGISTERS DESCRIPTION (cont'd) 
Figure 50 : Write Register 7. 
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SYNC4 SYNC3 SYNC 2 SYNCi SYNCo MONOSYNC, 8 BITS 

SYNC4 SYNC3 SYNC 2 SYNCi SYNCo MONOSYNC. 6 BITS 
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SYNCo 1111 BISYNC. 12 BITS 
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Figure 51 : Write Register 9 
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VIS 

NV 
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NO RESET 
CHANNEL RESET B 
CHANNEL RESET A 
FORCE HARDWARE RESET 



Write Register 8 (transmit buffer). WR8 is the 

transmit bufffer register. 

Write Register 9 (master interrupt control). WR9 

is the Master Interrupt Control register and contains 
the Reset command bits. Only one WR9 exists in 
the SCC and can be accessed from either channel. 
The interrupt control bits can be programmed at the 
same time as the Reset command because these 
bits are only reset by a hardware reset. Bit positions 
for WR9 are shown in Figure 51 . 

Bits 7 and 6 : Reset Command Bits 

Together, these bits select one of the reset com- 



mands for the SCC. Setting either of these bits to 
"1 " disables both the receiver and the transmitter in 
the corresponding channel, forces TxD for that 
channel marking, forces the modem control signals 
High in that channel, resets all IPs and lUSs and di- 
sables all interrupts in that channel. Four extra 
PCLK cycles must be allowed beyond the usual cy- 
cle time after any of the active reset commands is 
issued before any additional commands or controls 
are written to the channel affected. Four extra PCLK 
cycles must be allowed beyond the usual cycle time 
before any additional command or controls are writ- 
ten to the SCC. 
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REGISTERS DESCRIPTION (cont'd) 

No Reset (00). This command has no effect. It is 
used when a write to WR9 is necessary for some 
reason other than an SCC Reset command. 

Channel Reset B (01). issuing this command 
causes a channel reset to be performed on Chan- 
nel B. 

Channel Reset A (10). Issuing this command 
causes a channel reset to be performed on Chan- 
nel A. 

Force Hardware Reset (11). The effects of this 
command are identical to those of a hardware re- 
set, except that the Shift Right/Shift Left bit is not 
changed and the MIE, Status High/Status Low and 
DLC bits take the programmed values that accom- 
pany this command. 

Bit 5 : Not Used 

Must be "0". 



Bit 4 : Status High/Status Low 

This bit controls which vector bits the SCC will mo- 
dify to indicate status. When set to"1 ", the SCC mo- 
difies bits V6, V5, and V4 according to Table 1 1 . 
When set to "0", the SCC modifies bits V1 , V2, and 
V3 according to Table 1 1 . This bit controls status in 
both the vector returned during an interrupt acknow- 
ledge cycle and the status in RR2B. This bit is reset 
a hardware reset. 

Table 11 : Interrupt Vector Modification. 



V3 
V4 








V2 
V5 





1 


V1 
V6 



1 




Status High / Status Low = 
Status High / Status Low = 1 
Ch B Transmit Buffer Empty 
Ch B External / Status Change 
Ch B Receive Character Avail. 




1 
1 
1 


1 



1 


1 


1 




Ch B Special Receive Condition 
Ch A Transmit Buffer Empty 
Ch A External / Status Change 
Ch A Receive Character Avail. 


1 


1 


1 


Ch A Special Receive Condition 



Bit 3 : Master Interrupt Enable 

This bit is set to 1 to globally enable interrupts, and 
cleared to zero to disable interrupts. Clearing this bit 
to zero forces the IEO pin to follow the state of the 
IEI pin unless there is an IUS bit set in the SCC. 

No I US bit can be set after the MIE bit is cleared to 
zero. This bit is reset by a hardware reset. 

Bit 2 : Disable Lower Chain 

The Disable Lower Chain bit can be used by the 
CPU to control the interrupt daisy chain. Setting this 
bit to "1" forces the IEO pin Low, preventing lower- 



priority devices on the daisy chain from requesting 
interrupts. This bit is reset by a hardware reset. 

Bit 1 : No Vector 

The No Vector bit controls whether or not the SCC 
will respond to an interrupt acknowledge cycle by 
placing a vector on the data bus if the SCC is the hi- 
ghest-priority device requesting an interrupt. If this 
bit is set, no vector is returned ; i.e., AD0-AD7 re- 
main three-stated during an interrupt acknowledge 
cycle, even if the SCC is the highest-priority device 
requesting an interrupt. 

Bit : Vector Includes Status 

The Vector Includes Status Bit controls whether or 
not then SCC will include status information in the 
vector it places on the bus in response to an inter- 
rupt acknowledge cycle. If this bit is set, the vector 
returned is variable, with the variable field depen- 
ding on the highest-priority IP that is set. Table 1 1 
shows the encoding of the status information. This 
bit is ignored if the No Vector (NV) bit is set. 

Figure 52 : Write Register 10. 



| D 7 | D, | D 5 | P, | D 3 J D a J D, | D "| 

L. 




















1 


1 





1 


1 



Lh 



BIT/rSIT SYNC 
LOOP MODE 

ABORT/FLAG ON UNQERRUN 
MARK/FLXG IDLE 
GO ACTIVE ON POLL 



NRZ 

NRZI 

FM1 {TRANSITION - 1) 

f M0 (TRANSITION » 0) 



CRC PRESET I/O 



Write Register 10 (miscellaneous transmitter/re- 
ceiver control bits). WR1 contains miscellaneous 
control bits for both the receiver and the transmitter. 
Bit positions for WR10 are shown in Figure 52. 

Bit 7 ; CRC Preset I/O 

This bit specifies the initialized condition of the re- 
ceive CRC checker and the transmit CRC gener- 
ator. If this bit is set to "1", the CRC generator and 
checker are preset to "1 ". If this bit is set to "0", the 
CRC generator and checker are preset to "CT.Either 
option can be selected with either CRC polynomial. 
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REGISTERS DESCRIPTION (cont'd) 

In SDLC mode, the transmitted CRC is inverted be- 
fore transmission and the received CRC is checked 
against the bit pattern "0001 1 1 01 00001 111". This 
bit is reset by a channel or hardware reset. This bit 
is ignored in Asynchronous mode. 

Bit 6 and 5 ; Data Encoding 1 and 2 

These bits control the coding method used for both 
the transmitter and the receiver, as illustrated in Ta- 
ble 1 2. All of the clocking options are available for 
all coding methods. The DPLL in the SCC is useful 
for recovering clocking information in NRZI and FM 
modes. A hardware reset forces NRZ mode. Timing 
for the various modes in shown in Figure 53. 

Table 12 : Data Encoding 



Data 


Data Encoding 


Encoding 





1 
1 



1 


1 


NRZ 

NRZI 

FM1 (transition = 1) 

FMO (transition = 1) 



Bit 4 : Go Active On Poll 

When Loop mode is first selected during SDLC ope- 
ration, the SCC connects RxD to TxD with only gate 
delays in the path. The SCC does not go on-loop 
and insert the 1 -bit delay between RxD and TxD un- 
til this bit has been set and an EOP received. When 
the SCC is on-loop, the transmitter cannot go active 
unless this bit is set at the time an EOP is received. 
The SCC examines this bit whenever the transmit- 
ter is active in SDLC Loop mode and is sending a 
flag. If this bit is set at the time the flag is leaving the 
Transmit Shift register, another flag or data byte (if 
the transmit buffer is full) is transmitted. If the Go Ac- 
tive on Poll bit is not set at this time, the transmitter 
finishes sending the flag and reverts to the 1 -Bit De- 
lay mode. Thus, to transmit only one response 
frame, this bit should be reset afterthe first data byte 
is sent to the SCC but before CRC has been trans- 
mitted. If the bit is not reset before CRC is transmit- 
ted, extra flags are sent, slowing down response 
time on the loop. If this bit is reset before the first da- 
ta is written, the SCC completes the transmission of 
the present flag and reverts to the 1 -Bit Delay mode. 
After gaining control of the loop, the SCC is not able 
to transmit again until a flag and another EOP have 
been received. Though not strictly necessary, it is 
good practice to set this bit only upon receipt of a 
poll frame to ensure that the SCC does not go on 
loop without the CPU noticing it. 

In synchronous modes other than SDLC with the 
Loop Mode bit set, this bit must be set before the 



transmitter can go active in response to a received 
sync character. 

This bit is always ignored in Asynchronous mode 
and Synchronous modes unless the Loop Mode bit 
is set. This bit is reset by a channel or hardware re- 
set. 



Bit 3 : Mark/ Flag Idle 

This bit affects only SDLC operation and is used to 
control the idle line condition. If this bit is set to "0", 
the transmitter sends flags an idle line. If this bit is 
set to "1", the transmitter sends continuous "1s" af- 
ter the closing flag of a frame. The idle line condi- 
tion is selected byte by byte ; i.e., either a flag or 
eight "1 s" are transmitted. The primary station in an 
SDLC loop should be programmed for Mark Idle to 
create the EOP sequence . Mark Idle must be de- 
selected at the beginning of a frame before the first 
data is written to the SCC, so that an opening flag 
can be transmitted. This bit is ignored in Loop mode, 
but the programmed value takes effect upon exiting 
the Loop mode. This bit is reset by a channel or hard- 
ware reset. 



Bit 2 : Abort/Flag On Underrun 

This bit affects only SDLC operation and is used to 
control how the SCC responds to a transmit under- 
run condition. If this bit is set to "1" and a transmit 
underrun occurs, the SCC sends an abort and a flag 
instead of CRC. If this bit is reset, the SCC sends 
CRC on a transmit underrun. At the beginning of this 
1 6-bit transmission, the Transmit Underrun/EOM bit 
is set, causing an External/Status interrupt. The 
CPU uses this status, along with the byte count from 
memory or the DMA, to determine whether the 
frame must be retransmitted. A transmit buffer Emp- 
ty interrupt occurs at the end of this 1 6-bit transmis- 
sion to start the next frame. If both this bit and the 
Mark/Flag Idle bit are set to "1", all "1s" are trans- 
mitted after the transmit underrun. This bit should 
be set after the first byte of data is sent to the SCC 
and reset immediately after the last byte of data so 
that the frame will be terminated properly with CRC 
and a flag. This bit is ignored in Loop mode, but the 
programmed value is active upon exiting Loop 
mode. This bit is reset by a channel or hardware re- 
set. 

Bit 1 : Loop Mode 

In SDLC mode, the initial set condition of this bit 
forces the SCC to connect TxD to TxD and to be- 
gin searching the incoming data stream so that it 
can go on loop. All bits pertinent to SDLC mode ope- 
ration in other registers must be set before this mode 
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REGISTERS DESCRIPTION (cont'd) 
Figure 53 : NRZ(NRZI)FM1(FM0) Timing. 
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REGISTERS DESCRIPTION (cont'd) 

is selected. The transmitter and receiver should not 
be enabled until after this mode has been selected. 
As soon as the Go Active Onn Poll bit is set and an 
EOP is received the SCC goes on loop. If this bit is 
reset after the SCC is on loop, the SCC waits for the 
next EOP to go off loop. 

In synchronous modes, the SCC uses this bit, along 
with the Go Active On Poll bit, to synchronize the 
transmitter to the receiver. The receiver should not 
be enabled until after this mode is selected. The TxD 
pin is held marking when this mode is selected un- 
less a break condition is programmed. The receiver 
waits for a sync character to be received and then 
enables the transmitter on a character boundary. 
The break condition, if programmed, is removed. 
This mode works properly with sync characters of 
6,8, or 16 bits. This bit is ignored in Asynchronous 
mode and is reset by a channel or hardware reset. 



Bit ; 6 Bit/8 Bit SYNC 

This bit is used to select a special case of synchro- 
nous modes. If this bit is set to "1" in Monosync 
mode, the receiver and transmitter sync characters 
are six bits long instead of the usual eight. If this bit 
is set to "1" in Bisync mode, the received sync will 
be 1 2 bits and the transmitter sync character will re- 
main 16 bits long. This bit is ignored in SDLC and 
Asynchronous modes but still has effect in the spe- 
cial external sync modes. This bit is reset by a chan- 
nel or hardware reset. 

Write Register 1 1 (clock mode control). WR1 1 is 

the Clock Mode Control register. The bits in this re- 
gister control the sources of the both the r eceive and 
transm it clocks, the type of signal on the SYNC and 
RTxC pins, and the direction of the TRxC pin. Bit po- 
sitions for WR1 1 are shown in Figure 54. 

Bit 7 : RTxC-XTAL/NO XTAL 

This bit controls the type o f input signal the SCC ex- 
pects to see on the RTxC pin. If this bit is set to "0", 
the SCC expects a TTL-compatible signal as an in- 
put to this pin. If this bit is set to "1 ", the SCC 
con nects a high-gain amplifier between the RTxC 
and SYNC pins in expectation of a quartz crystal 
being placed across the pins. 

The output of this oscillator is available for use as a 
clockin g source. In this mode of operati on, the 
SYNC pin is unavailable for other use. The SYNC- 
signal is forced to "0" internally. A hardware reset 
forces NO XTAL. (At least 20 ms should be allowed 
after this bit is set to allow the oscillator to stabilize.) 



Bits 6 and 5 : Receiver Clock 1 And 

These bits determine the source of the receive clock 
as shown in Table 1 3. They do not interfere with any 
of the modes of operation in the SCC but simply 
control a multiplexer just before the internal receive 
clock input. A hardwa re rese t forces the receive 
clock to come from the TRxC pin. 

Table 13 : Receive Clock Source. 



Receive 
Clock 1 


Receive 
Clock 






1 

1 



1 


1 


Receive Clock = RTxC Pin 
Receive Clock = TRxC Pin 
Receive Clock = BR Output 
Receive Clock = DPLL Output 



Bits 4 and 3 ; Transmit Clock 1 and 

These bits determine the source of the transmit 
clock as shown in Table 14. They do not interfere 
with any of the modes of operation of the SCC but 
simply control a multiplexer just before the internal 
transmit clock input. The DPLL output that may be 
used to feed the transmitter in FM modes lags by 90 
the output of the DPLL used by the receiver. This 
makes the received and transmitted bit cells occur 
simultaneousl y, negl ecting delays. A hardware re- 
set selects the TRxC pin as the source of the trans- 
mit clocks. 

Table 14 : Transmit Clock Source. 



Transmit 
Clock 1 


Transmit 
Clock 







1 
1 




1 


1 


Transmit Clock = RTxC Pin 
Transmit Clock = TRxC Pin 
Transmit Clock = BR Output 
Transmit Clock = DPLL Output 



Bit 2 ; TRxC 0/1 

This bit determines the direction of the TRxC pin. If 
this bit is set to "1", the TRxC pin is an output and 
carries the signal selected by D1 and DO of this re- 
gister. However, if either the receive or t he tran smit 
clock is programmed to come from the TRxC pin, 
TRxC w ill be a n input, regardless of the state of this 
bit. The TRxC pin is also an input if this bit is set to 
"0". A hardware reset forces this bit to "0". 



Bits 1 and : TRxC Output Source 1 And 

These bits deter mine th e signal to be echoed out of 
the SC C via the TRxC pin. No signal is produced if 
TRxC has been programmed as the source of either 
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REGISTERS DESCRIPTION (cont'd) 
Figure 54 : Write Register 1 1 . 
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TRiC OUT = XTAL OUTPUT 
TRxC OUT = TRANSMIT CLOCK 
TRxC OUT * BR GENERATOR OUTPUT 
TRxC OUT = DPLL OUTPUT 



TRANSMIT CLOCK = JJTxC PIN 

TRANSMIT CLOCK = TRxC PIN 

TRANSMIT CLOCK = BR GENERATOR OUTPUT 

TRANSMIT CLOCK = DPLL OUTPUT 



RECEIVE CLOCK = RTxC PIN 

RECEIVE CLOCK = TRxC PIN 

RECEIVE CLOCK = BR GENERATOR OUTPUT 

RECEIVE CLOCK - DPLL OUTPUT 



RTxt XTAUNO XTAL 



the receive or the transmit clock. If TRxC O/l (bit 2) 
is set to "0", these bits are ignored. 

If the XTAL oscillator output is programmed to be 
echoed, a nd the Xtal oscillator has not been en- 
abled, the TRxC pin goes High. The DPLL signal 
that is echoed is the DPLL signal used by the recei- 
ver. Hardware reset selects the XTAL oscillator as 
the output source. 



Table 15 



Transmit External Control Selec- 
tion. 



Output 
Signal 


Output 
Signal 







1 
1 



1 

1 


TRxC = XTAL Oscillator Output 
TRxC = Transmit Clock 
TRxC = B R Output 
TRxC = DPLL Output (Receive) 



Write Register 12 (lower byte of baud rate gene- 
rator time constant). WR12 contains the lower 
byte of the time constant for the baud rate gener- 
ator. The time constant can be changed at any time, 
but the new value does not take effect until the next 
time the time constant is loaded into the down coun- 
ter. No attempt is made to synchronize the loading 
of the time constant into WR1 2 and WR1 3 with the 
clock driving the down counter. For this reason, it 
is advisable to disable the baud rate generator while 
the new time constant is loaded into WR12 and 
WR13. Ordinarily, this is done anyway to prevent a 
load of the down counter between the writing of the 
upper and lower bytes of the time constant. 

The formula for determining the appropriate time 
constant for a given baud is shown below with the 
desired rate in bits per second and the BR clock pe- 
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REGISTERS DESCRIPTION (cont'd) 

riod in seconds. This formula is derived because the 
counter decrements from N down to "0"- plus-one- 
cycle for reloading the time constant and is then fed 
to a toggle flip-flop to make the output a square 
wave. Bit positions for WR12 are shown in Figu- 
re 55. 

Time constant = [1/2 desired rate . BR clock pe- 
riod] - 2 

Figure 55 : Write Register 12. 



| D 7 | D 6 | Q 5 | D 4 ] D 3 [ D 2 | D, | D,, | 

L. TC 



Lh 



TC, 
TC 2 
TC 3 
TC* 
TC 5 
TC 8 
TC 7 



LOWER BYTE OF 
TIME CONSTANT 



Write Register 13 (upper byte of baud rate gene- 
rator time constant). WR13 contains the upper 
byte of the time constant for the baud rate gener- 
ator. Bit positions for WR1 3 are shown in Figure 56. 

Write Register 14 (miscellaneous control bits). 

WR1 4 contains some miscellaneous control bits. Bit 
positions for WR14 are shown in Figure 57. 

Bits 7 and 5 : Digital Phase-Locked Loop 
Command Bits 

These three bits encode the eight commands for the 
Digital Phase-Locked Loop. A channel or hardware 
reset disables the DPLL, resets the mission clock 
latches, sets the source to the RTxC pin and selects 
NRZI mode. The Enter Search Mode command en- 
ables the DPLL after a reset. 

Null Command (000). This command has no effect 
on the DPLL 

Enter Search Mode (001). Issuing this command 
causes the DPLL to enter the Search mode, where 
the DPLL searches for a locking edge in the inco- 
ming data stream. The action taken by the DPLL 
upon receipt of this command depends on the ope- 
rating mode of the DPLL. 



Figure 56 : Write Register 13. 
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Figure 57 : Write Register 14. 
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BR GENERATOR ENABLE 
BR GENERATOR SOURCE 
DTR/REQUEST FUNCTION 
AUTO ECHO 
LOCAL LOOPBACK 



NULL COMMAND 

ENTER SEARCH MODE 

RESET MISSING CLOCK 

DISABLE DPLL 

SET SOURCE - BR GENERATOR 

SET SOURCE = RTxC 

SET FM MODE 

SET NRZI MODE 
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In NRZI mode, the output of the DPLL is High while 
the DPLL is waiting for an edge in the incoming da- 
ta stream. After the Search mode is entered, the first 
edge the DPLL sees is assumed to be a valid data 
edge, and the DPLL begins the clock recovery ope- 
ration from that point. The DPLL clock rate must be 
32 times the data rate in NRZI mode. Upon leaving 
the Search mode, the first sampling edge of the 
DPLL occurs 16 of these 32X clocks after the first 
data edge and the second sampling edge occurs 48 
of these 32X clocks after the first data edge. Beyond 
this point, the DPLL begins normal operation, adjus- 
ting the output to remain in sync with the incoming 
data. 

In FM mode, the output of the DPLL is Low while 
the DPLL is waiting for an edge in the incoming da- 
ta stream. The first edge the DPLL detects is assu- 
med to be a valid clock edge. For this to be the case, 
the line must contain only clock edges ; i.e., with 
FM1 encoding, the line must be continuous "Os". 
With FMO encoding the line must be continuous 
"1 s", whereas Manchester encoding requires alter- 
nating "1 s" and "Os" on the line. The DPLL clock rate 
must be 1 6 times the data rate in FM mode. The 
DPLL output causes the receiver to sample the da- 
ta stream in the nominal center of the two halves of 
the bit cell to decide whether the data was a "1 " or 
a "0". After this command is issued, as in NRZI 
mode, the DPLL starts sampling immediately after 
the first edge is detected. (In FM mode, the DPLL 
examines the clock edge of every other bit cell to 
decide what correction must be made to remain in 
sync). If the DPLL does not see an edge during the 
expected window, the one clock mission bit in RR1 
is set. If the DPLL does not see an edge after two 
successive attempts, the two clocks missing bit in 
RR1 is set and the DPLL automatically enters the 
Search mode. This command resets both clock mis- 
sing latches. 

Reset Clock Missing (010). Issuing this command 
disables the DPLL, resets the clock missing latches 
in RR10, and forces a continuous Search mode 
state. 

Disable DPLL (001). Issuing this command disa- 
bles the DPLL, resets the clock missing latches in 
RR1 0, and forces a continuous Search mode state. 

Set Source = BR Gen (100). Issuing this command 
forces the clock for the DPLL to come from the out- 
put of the baud rate generator. 



of the XTAL/no XTAL bit in WR1 1 . This mode is se- 
lected by a channel or hardware reset. 

Set FM Mode (110). This command forces the 
DPLL to operate in the FM mode and is used to re- 
cover the clock from FM or Manchester-encoded 
data. (Manchester is decoded by placing the recei- 
ver in NRZ mode while the DPLL is in FM mode.) 

Set NRZI Mode (111). Issuing this command forces 
the DPLL to operate in the NRZI mode. This mode 
is also selected by a hardware or channel reset. 

Bit 4 : Local Loopback 

Setting this bit to "1" selects the local Loopback 
mode of operation. In this mode, the internal trans- 
mitted data is routed back to t he rec eiver, as well as 
to the TxD pin. The CTS ans DCD inputs are igno- 
red as enables in Local Loopback mode, even if auto 
enables is selected. (If so programmed, transitions 
on these inputs still cause interrupts.) This mode 
works with any Transmit/Receive mode ex-cept 
Loop mode. For meaning-ful results, the frequency 
of the transmit and receive clocks must be the same. 
This bit is reset by a channel or hardware reset. 

Bit 3 : Auto Enable 

Setting this bit to "1 " selects the Auto Enable mode 
of operation. In this mode, the TxD pin is connected 
to RxD, as in Local Loopback mode, but the recei- 
ver still listens to the RxD input. Transmitted data is 
nev er see n inside or outside the SCC in this mode, 
and CTS is ignored as a transmit enable. This bit is 
reset by a channel or hardware reset. 

Bit 2 : DTR/Request Function 



Set Source = RTxC (101). Issuing the command 
forces the clock for the DPI I to come from the RTxC 
pin or the crystal oscillator, de-pending on the state 



This bit selects the function of the DTR/REQ pin fol- 
lows the state of the DTR bit in WR5. If this bit is set 
to "1 ", the DTR/REQ pin follows the st ate of the D TR 
bit in WR5. If this bit is set to "1 ", the DTR/REQ pin 
goes Low whenever the transmit buffer becomes 
empty and in any of the synchronous mode when 
CRC has been sent at the end of a message. The 
request function on the DTR/REQ pin differs some- 
what f rom th e transmit request fun ction available on 
the W/REQ pin in that REQUEST does not go inac- 
tive until the internal operation satisfying the request 
is complete, which occ urs f our to f iv e PCLK cycles 
after the rising edge of DS, READ or WRITE. If the 
DMA used is edge-triggered, this difference is unim- 
portant. This bit is reset by a channel or hardware 
reset. 

Bit 1 : Baud Rate Generator Source 

This bit selects the source of the clock for the baud 
rate generator. If this bit is set to "0", the baud rate 
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generator ciock comes from either the RTxC pin or 
the XTAL oscillator (depending on the state of the 
XTAL/no XTAL bit). If this bit is set to "1", the clock 
for the baud rate generator is the SCC's PCLK in- 
put. H ardware reset sets this bit to "0", selecting the 
RTxC pin as the clock source for the baud rate ge- 
nerator. 

Bit : Baud Rate Generator Enable 

This bit controls the operation of the baud rate ge- 
nerator. The counter in the baud rate generator is 
enabled for counting when this bit is set to "1 ", and 
counting is inhibited when this bit is set to "0". When 
this bit is set to "1 ", change in the state of this bit is 
not reflected by the output of the baud rate gener- 
ator for two counts of the counter. This allows the 
command to be synchronized. However, when set 
to "0", disabling is immediate. This bit is reset by a 
hardware reset. 

Write Register 15 (external/status interrupt 
control). WR15 is the External/Status Source 
Control register. If the External/Status interrupts are 
enabled as a group via WR1, bits in this register 
control which External/Status conditions can cause 
an interrupt. Only the External/Status conditions that 
occur after the controlling bit are sent to "1" will 
cause an interrupt. This is true even if an Exter- 
nal/Status condition is pending at the time the bit is 
set. Bit positions for WR1 5 are shown in Figure 58. 

Bit 7 : Break/Abort IE 

If this bit is set to "1", a change in the Break/Abort 
status of the receiver causes an External/Status in- 
terrupt. This bit is set by a channel or hardware re- 
set. 

Bit 6 ; Tx Underrun/EOM 

If this bit is set to "1", a change of state by the Tx 
Underrun/EOM latch in the transmitter causes an 
External/Status interrupt. This bit is set to "1 " a chan- 
nel or hardware reset. 

Bit 5 ; CTS IE 

If this bit is set to "1 ", a change of state on the CTS 
pin causes an External/Status interrupt. This bit is 
set by a channel or hardware reset. 

Bit 4 : SYNC/Hunt IE 



If this bit is set to "1 ", a change of state on the SYNC 
pin causes an External/Status interrupt in Asyn- 
chronous mode, and a change of state in the Hunt 



bit in the receiver causes and External/Status inter- 
rupt in synchronous modes. This bit is set by a chan- 
nel or hardware reset. 

Bit 3 ; BCD IE 

If this bit is set to "1 ", a change of state on the DCD 
pin causes an External/Status interrupt. This bit is 
set by a channel or hardware reset. 

Bit 2 : Not Used 

Must be "0". 

Bit 1 : Zero Count IE 

If this bit is set to "1", an External/Status interrupt is 
generated whenever the counter in the baud rate 
generator reaches "0". This bit is set to "0" by a chan- 
nel or hardware reset. 

Bit : Not Used 

Must be "0". 

READ REGISTERS 

The Z8530 SCC contains seven read registers in 
each channel. In addition there are two registers 
which are shared by both channels. The status of 
these registers is continually changing and depends 
on the mode of communication, received and trans- 
mitted data, and the manner in which this data is 
transferred to and from the CPU. The following des- 
cription details the bit assignments for each regis- 
ter. 

Read Register (transmit/ receiver buffer status 
and external status). Read Register contains the 
status of the receive and transmit buffers. RR0 also 
contains the status bits for the six sources of Exter- 
nal/Status interrupts. The bit configuration is illustra- 
ted in Figure 59. 

Bit 7 : Break/ Abort 

In the Asynchronous mode, this bit is set when a 
Break sequence (null character plus framing error) 
is detected in the receive data stream. This bit is re- 
set when the sequence is terminated, leaving a sin- 
gle null character in the receive FIFO. This charac- 
ter should be read and discarded. In SDLC mode, 
this bit is set by the detection of an Abort sequence 
(seven or more "1 s"), then reset automatically at the 
termination of the Abort sequence. In either case, if 
the Break/Abort IE bit is set, an External/Status in- 
terrupt is initiated. Unlike the remainder of the Ex- 
ternal/Status bits, both transitions are guaranteed to 
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REGISTERS DESCRIPTION (cont'd) 

cause an External/Status interrupt, even if another 
External/Status interrupt is pending at the time these 
transitions occur. This procedure is necessary be- 
cause Abort or Break conditions may not persist. 

Bit 6 : TX Underrun/EOM 

This bit is set by a channel or hardware reset and 
when the transmitter is disabled or a Send Abort 
command is issued. This bit can only be reset by the 
reset Tx Underrrun/EOM Latch command in WRO. 
When the Transmit Underrun occurs, this bit is set 
and causes an External/Status interrupt (if the Tx 
Underrun/EOM IE bit is set). 

Only the 0-to-1 transition of this bit causes an inter- 
rupt. This bit is always "1" in Asynchronous mode, 
unless a reset Tx Underrun/EOM Latch command 
has been erroneously issued. In this case, the Send 
Abort command can be used to set the bit to one 
and at the same time cause an External/Status in- 
terrupt. 

Bit 5 : dear to Send 

If the CTS IE bit in WR1 5 is set, this bit indicates the 
state of the CTS pin the last time any of the enabled 
Exte rnal/Status bits changed. Any transition on the 
CTS pin w hile n o interrupt is pending latches the 
state of the CTS pin and generates an Extemal/Sta- 
tus in terrupt. Any odd number of transitions on the 
CTS pin while another External/Status interrupt is 
pending also causes an External/Status interrupts 
condition. If the CTS IE bit is reset , it m erely reports 
the current unlatched state of the CTS pin. 

Bit 4 : SYNC/Hunt 



bit, except that the condition monitored by the bit va- 
ries depending on the mode in which the SCC is 
operating. 

When the XTAL oscillator option is selected in asyn- 
chronous modes, this bit is forced to "0" (no Exter- 
nal/Status interrupt is generated). Selecting the 
XTAL oscillator in synchronous or SDLC modes had 
no effect on the operation of this bit. 

The XTAL oscillator should not be selected in Exter- 
nal Sync mode. 

In Asynchronous mode, the operation of this bit is 
identical to that of the CTS status bit, except that this 
bit reports the state of the SYNC pin. 



In External sync mode the SYNC pin is used by ex- 
ternal logic to signal character synchronization. 
When the Enter Hunt Mo de com mand is issued in 
External Sync mode, the SYNC pin must be held 
High by the external sync logic until cha racter s yn- 
chronization is achieved. A High on the SYNC pin 
holds the Sync/Hunt bit in the reset condition. 



When external synchronization is achieved, SYNC 
must be driven Low on the second rising edge of the 
Receive Clock after the last rising edge of the Re- 
ceive Clock on which the l ast bit of the receive cha- 
racter was received. Only SYNC is forced Low, it is 
good practice to keep it Low until the CPU informs 
the external sync logic that synchronization has 
been lost or that a new messag e is about to start. 
Both transitions on the SYNC pin cause Exter- 
nal/Status interrupts if the Sync/Hunt IE bit is set to 
"1". 



The operation of this bit is similar to that of the CTS The Enter Hunt Mode command should be issued 



Figure 58 : Write Register 15. 



Figure 59 : Read Register 0. 
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REGISTERS DESCRIPTION (cont'd) 

whenever character synchronization is lost. At the 
same time, the CPU should inform the external lo- 
gic that character synchro nization has been lost and 
that the SCC is waiting for SYNC to become active. 

In the Monosync and Bisync Receive modes, the 
Sync/Hunt status bit is initially set to "1 " by the En- 
ter Hunt Mode command. The Sync/Hunt bit is re- 
set when the SCC established character synchroni- 
zation. Both transitions cause External/Status inter- 
rupts if the Sync/Hunt IE bit is set. When the CPU 
detects the end of message or the loss of character 
synchronization, the Enter Hunt Mode command 
should be issued to set the Sync/Hunt bit and cause 
an External/Status interrupt. In this mode, the SYNC 
pin is an output, which goes Low every time a sync 
pattern is detected in the data stream. 

In the SDLC modes, the Sync/Hunt bit is initially set 
by the Enter Hunt Mode command or when the re- 
ceiver is disabled. It is reset when the opening flag 
of the first frame is detected by the SCC. An Exter- 
nal/Status interrupt is also generated if the 
Sync/Hunt IE bit is set. Unlike the Monosync and Bi- 
sync modes, once the Sync/Hunt bit is reset in SDLC 
mode, it does not need to be set when the end of 
the frame is detected. The SCC automatically main- 
tains synchronization. The only way the Sync/Hunt 
bit can be set again is by the Enter Hunt Mode com- 
mand or by disabling the receiver. 

Bit 3 ; Data Carrier Detect 

If the DCD bit in WR15 is set, this bit indicates the 
state of the DCD pin the last time the Enabled Ex- 
ternal/Status bits changed. Any transition on the 
DCD pin whil e no interrupt is pending latches the 
state of the DCD pin, and generates an Exter- 
nal/St atus in terrupt. Any odd number of transitions 
on the DCD pin while another External/Status inter- 
rupt is pending also causes an External/Status in- 
terrupt condition. If the DCD IE is reset, this bi t me- 
rely reports the current, unlatched state of the DCD 
pin. 

Bit 2 : TX Buffer Empty 

This bit is set to "1 " when the transmit buffer is emp- 
ty. It is reset while CRC is sent in a synchronous or 
SDLC mode and while the transmit buffer is full. The 
bit is reset when a character is loaded into the trans- 
mit buffer. This bit is always in the set condition af- 
ter a hardware or channel reset. 

Bit 1 ; Zero Count 

If the Zero Count Interrupt Enable bit is set in WR1 5, 



this bit is set to one while the counter in the baud 
rate generator is at the count of zero. If there is no 
other External / Status interrupt condition pending 
at the time this bit is set, an External/Status interrupt 
is generated. However, if there is another Exter- 
nal/Status interrupt pending at this time, no interrupt 
is initiated until interrupt service is complete. If the 
Zero Count condition does not persit beyond the end 
of the interrupt service routine, no interrupt will be 
generated. This bit is not latched High, even thought 
the other External/Status latches close as a result 
of the Low-to-High transition on ZC. The interrupt 
service routine should check the other External / 
Status conditions for changes. If none changed, ZC 
was the source. In polled applications, check the IP 
bit in RR3A for a status change and then proceed 
as in the interrupt service routine. 

Bit : RX Character Available 

This bit is set to "1" when at least one character is 
available in the receive FIFO and is reset when the 
receive FIFO is complety empty. A channel or hard- 
ware reset empties the receive FIFO. 

Read Register 1. RR1 contains the Special Re- 
ceive Condition status bits and the residue codes 
for the l-field in SDLC mode. Figure 60 shows the 
bit positions for RR1. 

Bit 7 : End of Frame (SDLC) 

This bit is used only in SDLC mode and indicates 
that a valid closing flag has been received and that 
the CRC Error bit and residue codes are valid. This 
bit can be reset by issuing the Error Reset com- 
mand. It is also updated by the first character of the 
following frame. This bit is reset in any mode other 
than SDLC. 

Bit 6 : CRC/Framing Error 

If a framing error occurs (in Asynchronous mode), 
this bit is set (and not latched) for the receive cha- 
racter in which the framing error occurred. Detection 
of a framing error adds an additional one-half bit to 
the character time so that the framing error is not in- 
terpreted as a new Start bit. In Synchronous and 
SDLC modes, this bit indicates the result of compa- 
ring the CRC checker to the apppropriate check va- 
lue. This bit is reset by issuing an Error Reset com- 
mand, but the bit is never latched. Therefore, it is al- 
ways updated when the next character is received. 
When used for CRC error status in Synchronous or 
SDLC modes, this bit is usually set since most bit 
combination, except for a correctly completed mes- 
sage, result in a non-zero CRC. 
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REGISTERS DESCRIPTION (cont'd) 
Figure 60 : Read Register 1. 
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- CRC/FRAMINQ ERROR 

- END OF FRAME (SOLC) 



Bit 5 : Receiver Overrun Error 

This bit indicates that the receive FIFO has overflo- 
wed. Only the character that has been written over 
is flagged with this error, and when the character is 
read, the Error condition is latched until reset by the 
Error Reset command. The overrun character and 
all subsequent characters received until the Error 
Reset command is issued causes a Special Receive 
Condition vector to be returned. 

Bit 4 : Parity Error 

When parity is enabled, this bit is set for the charac- 
ters whose parity does not match the programmed 
sense (even/odd). This bit is latched so that once an 
error occurs, it remains set until the Error Reset 
command is issued. If the parity in Special Condi- 
tion bit is set, a parity error causes a Special Re- 
ceive Condition vector to be returned on the charac- 
ter containing the error and on all subsequent cha- 
racters until the Error Reset command is issued. 

Bit 3,2, and 1 : Residue Codes 2, 1, And 

In those cases in SDLC mode where the received I- 
Field is not an integral multiple of the character 
length, these three bits indicate the length of the I- 
Field and are meaningful only for the transfer in 
which the end of frame bit is set. This field is set to 
"01 1 " by a channel or hardware reset and is forced 
to this state in Asynchronous mode. These three bits 
can leave this state only if SDLC is selected and a 
character is received. The codes signify the follo- 
wing (Reference Table 16 when a receive charac- 
ter length is eight bits per character). 

I- Field bits are right-justified in all cases. If a receive 
character length other than eight bits is used for the 
l-Field, a table similar to Table 16 can be construc- 
ted for each different character length. Table 17 



shows the residue codes for no residue (The l-Field 
boundary lies on a character boundary). 

Table 16 : l-Field Bit Selection (8 Bits 
only). 



Residue 


Residue 


Residue 


l-Field Bits 
in Last Byte 


l-Field Bits in 
Previous Byte 


1 











3 





1 








4 


1 


1 








5 








1 





6 


1 





1 





7 





1 


1 





8 


1 


1 


1 


1 


8 











2 


8 



Bit : Ail Sent 

In Asynchronous mode, this bit is set when all cha- 
racters have completely cleared the transmitter 
pins. Most modems contain additional delays in the 
data path, which requires the modem control signals 
to remain active until after the data has cleared both 
the transmitter and the modem. This bit is always 
set in synchronous and SDLC modes. 



Table 17 : Residue Bits/Character. 




Bits / Char 


Residue 


Residue 


Residue 


8 
7 
6 
5 








1 


1 



1 



1 



Read Register 2. RR2 contains the interrupt vector 
written into WR2. When the register is accessed in 
Channel A, the vector returned is the vector actual- 
ly stored in WR2. When this register is accessed in 
Channel B, the vector returned includes status in- 
formation in bits 1 , 2, and 3, or in bits 6, 5, and 4, 
depending on the state of the Status High/Status 
Low bit in WR9 and independent of the state of the 
VIS bit in WR9. The vector is modified according to 
Table 1 1 shown in the explanation of the VIS bit in 
WR9. If no interrupts are pending, the status is V3, 
V2, V1 = 01 1 , or V6, V5, V4 = 1 1 0. Figure 61 shows 
the bit positions for RR2. 

Read Register 3. RR3 is the Interrupts Pending re- 
gister. The status of each of the Interrupt Pending 
bits in the SCC is reported in this register. This re- 
gister exists only in Channel A. If this register is ac- 
cessed in Channel B, all "Os" are returned. The two 
unused bits are always returned as "0". Figure 62 
shows the bit positions for RR3. 
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REGISTERS DESCRIPTION (cont'd) 

Read Register 8. RR8 is the Receive Data register. 

Read Register 10. RR10 contains some miscella- 
neous status bits. Unused bits are always "0". Bit 
positions for RR10 are shown in Figure 63. 

Bit 7 : One Clock Missing 

While operating in the FM mode, the DPLL sets this 
bit to "1 " when it does not see a clock edge on the 
incoming lines in the window where it expects one. 
This bit is latched until reset by a Reset Missing 
Clock or Enter Search Mode command in WR14. In 
the NRZI mode of operation and while the DPLL is 
disabled, this bit is always "0". 

Bit 6 : Two Clocks Missing 

While operating in the FM mode, the DPLL sets this 
bit to "1" when it does not see a clock edge in two 
successive tries. At the same time the DPLL enters 
the Search mode. This bit is latched until reset by a 
Reset Missing Clock or Enter Search Mode com- 
mand in WR10. In the NRZI mode of operation and 
while the DPLL is disabled, this bit is always "0". 

Bit 4 : Loop Sending 

This bit is set to "1" in SDLC Loop mode while the 
transmitter is in control of the Loop, that is, while the 

Figure 61 : Write Register 2. 
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SCC is actively transmitting on the loop. This bit is 
reset at all other times. 

This bit can be polled in SDLC mode to determin 
when the closing flag has been sent. 

Bit 1 : On Loop 

This bit is set to "1 " while the SCC is actually onloop 
in SDLC Loop mode. This bit is set to "1 " in the X.21 
mode (Loop mode selected while in monosync) 
when the transmitter goes active. This bit is "0" at 
all other times. This bit can also be pulled in SDLC 
mode to determine when the closing flag hass been 
sent. 

Read Register 12. RR12 returns the value stored 
in WR1 2, the lower byte of the time constant for the 
baud rate generator. Figure 64 shows the bit posi- 
tions for RR1 2 

Read Register 13. RR13 returns the value stored 
in WR1 3, the upper byte of the time constant for the 
baud rate generator. Figure 65 shows the bit posi- 
tions for RR1 3. 

Read Register 15. RR15 reflects the value stored 
in WR15, the External/Status IE bits. The two unu- 
sed bits are always returned as "0s". Figure 66 
shows the bits positions for RR1 5. 

Figure 62 : Write Register 3. 
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REGISTERS DESCRIPTION (cont'd) 
Figure 63 : Write Register 10. 
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Figure 64 : Write Register 12. 
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Figure 65 : Write Register 13. 
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Figure 66 : Write Register 15. 



P 7 |P.|P s jP 4 |O a |P a |D t {0 | 

L. 



Vz 



ZERO COUNT IE 



- SYNC/HUNT IE 



• Tx UNOERRUN/EOM IE 
■ BREAK/ABORT IE 



Gl 



SGS-TH0HS0I8 

IMiF&SIILICTOMK 



75/93 



601 



Z8530 



SCC INITIALIZATION WORKSHEET 

This section describes the software initialization pro- 
cedure for the Serial Communications Controller 
(SCC). 

Figure 68 provides a worksheet that can be used as 
an aid when initializing the SCC. Since all SCC ope- 
ration modes are initialized in a similar manner, the 
worksheet can be used to tailor the SCC device to 
the user's individual need. Specific examples are gi- 
ven in the following sections. 

Register Overview 

Each of the SCC's two channels has its own sepa- 
rate Write registers that are programmed to initialize 
different operating modes. There are two types of 
bits in the Write registers : Command bits and Mode 
bits. An example of a register that contains both 
types of bits is Write Register 9 (WR9), and is shown 
in figure 67. 

Figure 67 : Write Register 2. 



L. 



STATUS HIGH / STATUS LOW 




NO RESET 
CHANNEL RESET B 
CHANNEL RESET A 



WR9 is the Master Interrupt Control register and 
contains the Reset command bits. Command bits 
are denoted by having boxes drawn around them in 
register diagrams. Bit D5 in this register is not used 
in this register and must be at all times. 

The Command bits, 07 and D6, select one of the 
reset commands for the SCC. Setting either of these 
bits to 1 disables both the receiver and the transmit- 
ter in the corresponding channel, forces TxD for the 
channel marking, forces the modem control signals 
High in that channel, resets all IPs and lUSs, and di- 



sables all interrupts in that channel. Functions con- 
trolled by the Command bits can only be enabled or 
disabled, they cannot be toggled. 

Bits D4-D0 are Mode bits that can be enabled or di- 
sabled either by being set to "1 " or reset to "0". Each 
Mode bit affects only one function. For example, Bit 
D1 is the No Vector mode bit, it controls whether or 
not the SCC will respond to an interrupt acknow- 
ledge cycle by placing a vector on the data bus. If 
this bit is set, no vector is returned. In command bits 
entry, each new command requires a separate 
rewrite of the entire register. Care must be taken 
when issuing a command, so that the Mode bits are 
not changed accidentally. 

Initialization Procedure 

The SCC initialization procedure is divided into three 
parts. The first part consists of programming the 
operation modes (e.g. bits-per-character, parity) 
and loading the constants (e.g., interrupt vector, 
time constants). The second part enables the hard- 
ware functions (e.g., transmitter, receiver, baud-rate 
generator). It is important that the operating modes 
are programmed before the hardware functions are 
enabled. The third part, if required, consists of 
enabling the different interrupts. 

Table 18 shows the order (from top to bottom) in 
which the SCC registers are to be programmed. 
Those registers that need not be programmed are 
listed as optional in the comments column. The bits 
in the registers that are marked with an "X" are to 
be programmed by the user. The bits marked with 
an "S" are to be set to their previous programmed 
value. For example, in part 2, Write Register 3, bits 
D1 -D7 are shown with an "S" because they have 
been programmed in part 1 and must remain set to 
the same value. 

Initialization Table Generation 

Figure 68 is a worksheet for the initialization of the 
SCC. All the bits that must be programmed as ei- 
ther a "0" or a "1 " are already filled in ; the remaining 
bits are left blank and are to be programmed by the 
user according to the desired mode of operation. 
The binary value can then be converted to a hexa- 
decimal number and placed in the table, following 
the Write register notation in the column labeled 
"HEX". A Program Initialization Table is produced 
when this worksheet is completed. 
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SCC INITIALIZATION WORKSHEET (cont'd) 
Figure 68 : SCC Initialization Worksheet. 
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SCC INITIALIZATION WORKSHEET (cont'd) 
Table 18 : SCC Initialization Order. 



Part 1. Modes and Constants 


WR9 


1100000 


Hardware Reset 


WRO 


ooooooxx 


Select Shift Mode (8030 only) 


WR4 


XXXXXXXX 


Tx/Rx Con, Async or Sync Mode 


WR1 


oxxooxoo 


Select W/REQ (opt) 


WR2 


xxxxxxxx 


Program Interrupt Vector (opt) 


WR3 


xxxxxxxo 


Select Rx Control 


WR5 


xxxxoxxx 


Selects Tx Control 


WR6 


xxxxxxxx 


Program Sync Character (opt) 


WR7 


xxxxxxxx 


Program Sync Character (opt) 


WR9 


oooxoxxx 


Select Interrupt Control 


WR10 


xxxxxxxx 


Miscellaneous Control (opt) 


WR11 


xxxxxxxx 


Clock Control 


WR12 


xxxxxxxx 


Time Constant Lower Byte (opt) 


WR13 


xxxxxxxx 


Time Constant Upper Byte (opt) 


WR14 


xxxxxxxo 


Miscellaneous Control 


WR14 


xxxsssss 


Commands (opt) 



Reset Conditions 

Prior the initialization, the SCC should be reset by 
either hardware or software. A hardware reset can 



Part 2. Enables 


WR14 
WR3 
WR5 
WRO 
WR1 


000SSSS1 
SSSSSSS1 
SSSS1SSS 
10000000 
XSSOOSOO 


Baud Rate Enable 
Rx Enable 
Tx Enable 
Reset Tx CRG (opt) 
DMA Enable (opt) 


Part 3. Interrupt Status 


33 33 33 33 2 


xxxxxxxx 

00010000 
00010000 

sssxxsxx 

ooosxsss 


Enable External/status 
Reset External Status 
Reset External Status Twice 
Enable Rx, Tx and Ext/status 
Enable Master Interrupt Enable 


1 = Set to one 
= Reset to zero 


X = User defined 

S = Same as previously prog. 



be accomplished by simultaneously grounding. A 
software reset can be executed by writing a OH to 
Write Register 9. 



POLLED ASYNCHRONOUS MODE 

This section describes the use of the SCC in polled 
Asynchronous Mode. The device can be set with 5 
to 8 bits per character, 1 , 1 .5, or 2 stop bits, and a 
wide range of baud rates. In this particular example, 
8 bits per character, 2 stop bits and 9600 baud rate 
are used. An external 2.4576MHz, crystal oscillator 
is used for baud-rate generation. The SCC can be 
programmed for local loopbackfor on-board diagno- 
stics. The user can make use of this feature to test- 
program the part without additional hardware to si- 
mulate an actual transmit and receive environment. 

SCC interface 

Figure 69 shows the SCC to CPU interface required 
for this application. The 8-bit data bus and control 
lines all come from theuser^s CPU. The 8530 control 
lines are RD, WR, A/B, D/C and CE. PCLK comes 
from the system clock, or an external crystal, up to 
the maximum rate of the SCC (ex . 6MHz for the 
Z8530A). The IEl and the INTACK pins should be 
pulled up. The b aud-rate generator clock is connec- 
ted to the RTxC pin. 

SCC Initialization 

Initialization of the SCC for polled asynchronous 
communication is divided into two parts ; part one 
programs the operating modes of the SCC and part 
two enables them. Care must be taken when writing 



the software to meet the SCC's Cycle and Reset Re- 
covery times. The Cycle Recovery time, 6 PCLK cy- 
cles, applies to the period between any Read or 
Write cycles affecting the SCC. The Reset Recove- 
ry time is the period after a hardware reset caused 
either by hardware or software ; this recovery time 
extends the Cycle Recovery time to 1 1 PCLK cy- 
cles. For more details about these recovery times, 
see the section Interfacing the SCC. 

Table 19 : Polled Asynchronous Initialization Pro- 
cedure. 



Register 


Value 


Comments 


WR9 
WR4 
WR3 
WR5 
WR9 
WR10 
WR11 
WR12 
WR13 
WR14 


C0H 
4CH 
C0H 
60H 
00H 
00H 
56H 
06H 
00H 
10H 


Force Hardware Reset 

x16 Clock, 2 Stop Bits, no Parity 

Rx8 Bits, Rx Disabled 

Tx8 Bits, DTR, RTS, Tx off 

Int. Disabled 

NRZ 

Tx & Rx = BRG out, TRxC = BRG out 

Time Constant = 6 

Time Constant High = 

BRG in = RTxC, BRG off, Loopback 


Enables 


WR14 
WR3 
WR5 


11H 
C1H 
68H 


BRG Enable 
Rx Enable 
Tx Enable 
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POLLED ASYNCHRONOUS MODE (cont'd) 
Figure 69. 
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SCC Operating Mode Programming 

WR9 resets the SCC to a known state by writing a 
CO hex. The command, Force Hardware Reset, is 
identical to a hardware reset. 

WR4 selects the asynchronous, x 1 6 mode, with 
2 stop bits and no parity. The x 1 6 mode means that 
clock rate is 1 6 times the data rate. 

WR3 selects 8 bits per character and does not 
enable the receiver. The 8 bits per character allows 
8 bits to be assembled from the data stream. The 
receiver is not enabled at this time because the SCC 
has not been initialized. 

WR5 selects 8 bits per character and does not 
enable the transmitter. The 8 bits per character al- 
lows 8 bits to be sent, as data, with the least signi- 
ficant bit first. The transmitter is not enabled at this 
time because the SCC has not been initialized. 

WR9 selects that there are no interrupts enabled. 
This inhibits the SCC from requesting an interrupt 
from the CPU. 

WR10 selects NRZ encoding. This NRZ coding is 
used on the transmitter as well as the receiver. 



time constant. The WR13 time constant is determi- 
ned by the equation : 

Clock Frequency 

Time Constant = : 2 

2 x Baud Rate x clock mode 
In this example, the clock frequency is 2.4576MHz, 
the baud rate is 9600, and the clock mode is 1 6, the 
time constant is, therefore, 6 ; expressed as a 1 6- 
bit, hexadecimal number, it is 0006H. The time 
constant LOW (WR12) is, therefore, 06H and the 
time constant HIGH (WR13) is 00H. The baud rate 
for this example can be varied, as long as the data 
rate is less than 1/4 of the PCLK rate. 
Table 20 shows the time constants for other com- 
mon baud rates. 

Table 20 : Time Constants for Common Baud 
Rates. 



WR1 1 selects the RTxC pin to TTL clock ; the baud- 
rate generator is the transmit and receive clocks 
source, and the TRxC pin as a baud-rate generator 
output. 

WR12 & WR13 and select the baud-rate generator's 



Baud Rate 


Divider 




Decimal 


Hex 


38400 

19200 

9600 

4800 

2400 

1200 

600 

300 

150 




2 

6 

14 
30 
62 
126 
254 
510 


OOOOH 
0002H 
0006H 
OOOEH 
001 EH 
003EH 
007EH 
OOFEH 
01FEH 


For 2.4576 MHz Clock, X 16 Mode 
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POLLED ASYNCHRONOUS MODE (cont'd) 



WR14 selects the baud-rate generator as the RTxC 
pin, baud-rate generator disabled, and int ernal lo op- 
back. The baud-rate generator uses the RTxC pin 
as the clock source and is not enabled at this time 
because the SCC initialization is not complete. 

SCC Operating Mode Enables 

WR14 enables the baud-rate generator. Bit (LSB) 
is changed to a 1 to enable the baud-rate generator ; 
all other bits must maintain the value selected du- 
ring initialization. 

WR3 enables the receiver. Bit (LSB) is changed 
to a 1 to enable the receiver, all other bits must main- 
tain the value selected during initialization. 

WR5 enables the transmitter. Bit 3 is changed to a 
1 to enable the transmitter, all other bits must main- 
tain the value selected during initialization. 

Transmit and Receive Routines 

After initialization, and after all enables have been 
selected, the SCC is ready for communication. 

The transmitter buffer and the receive FIFO are 
empty. The example shown below is coded to trans- 
mit and receive characters. 



Figure 70 


: Transmit and Receive Routine. 


; Transmit 


a character 






TXCHAR : 


INPUT 


RRO 


;Read RRO 




Test 


Bit 2 


;Test transmit 
buffer empty 




JZ 


TXCHAR 


;Loop if not 
empty 




OUTPUT CHAR 


;Output chara 








cter to data port 




RET 




Return 


; Receive a character 






RXCHAR 


INPUT 


RRO 


;Read RRO 




TEST 


BITO 


;Test Receive 
buffer 




JZ 


RXCHAR 


;Loop if not 
full 




INPUT 


CHAR 


; Input charac 
ter from data 
port 




RET 




; Return 



Figure 71. 



^ DAT< ^ 



c 
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XTAL 
OSC 



IEI 
INTACK 



PPnlc 



INTERRUPT 
CONTROLLER 



PIN 12 FOR CHANNEL A 
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2.4576 M 
OSC 
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INTERRUPT WITHOUT INTACK ASYNCHRONOUS MODE 



This section describes the use of the SCC for inter- 
ru^t-driven Asynchronous Mode. As with the exam- 
ple in the previous chapter, the SCC is set with 
8 bits per character, 2 stop bits, at 9600 baud rate. 
An external 2.4576MHz, crystal oscillator is used for 
baud-rate generation. Interrupt acknowledge is not 
generated because of the extra hardware required 
to produce this signal. In this chapter, the SCC is al- 
so programmed for local loopback so that no exter- 
nal loop between the transmit and the receive data 
lines is needed for on-board diagnostics. This fea- 
ture allows the user to test-program the part without 
additional hardware to simiulate an actual transmit 
and receive environment. 

SCC Interface 

Figure 71 shows the SCC to CPU interface required 
for this application. The 8-bit data bus and control 
lines all come from Jhe user's CPU._For the 8530, 
the control lines are RD, WR, A/B, D/C and CE. The 
INT signal goes to an interrupt controller which must 
produce the interrupt vector to the CPU. The PCLK 
comes from the system clock, or an external crystal 
oscillator, up to the maximum rate of the SCC (ex. 
6MHzfortheZ8530A). The Eland the INTACKpins 
should be pulled up . The b aud-rate generator clock 
is connected to the RTxC pin. 

SCC Initialization 

The initialization of the SCC for interrupt-driven 
asynchronous communication is divided into three 
parts. Part one programs the operating modes of the 
SCC, part two and three enable them. Care must be 
taken when writing the code to meet the SCC's Cy- 
cle and Reset Recovery times. The Cycle Recove- 
ry time applies to the period between any Read or 
Write cycles to the SCC, and is 6PCLK cycles. The 
Reset Recovery time applies to a hardware reset 
caused either by hardware or software ; this reco- 
very time extends the Cycle Recovery time to 
1 1 PCLK cycles. More details about these recovery 
times can be found in the section Interfacing the 
SCC. 



Table 21. 



Register 


Value 


Comments 


WR9 


COH 


Force Hardware Reset 


WR4 


4CH 


x16 Clock, 2 Stop Bits, no Parity 


WR2 


00H 


Interrupt Vector 00WR3 




COH 


Rx8 Bits, Rx Disabled 


WR5 


60H 


Tx8 Bits, DTR, RTS, Tx off 


WR9 


00H 


Int. Disabled WR10 




00H 


NRZ 


WR11 


56H 


Tx & Rx = BRG out, TRxC = BRG out 


WR12 


06H 


Time Constant = 6 


WR13 


00H 


Time Constant High = 


WR14 


10H 


BRG in = RTxC, BRG off, Loopback 


Enables 


WR14 


11H 


BRG Enable 


WR3 


C1H 


Rx Enable 


WR5 


68H 


Tx Enable 


Enable Interrupts 


WR1 < 


12H 


Rx Int on All Char and Tx Int Enables 


WR9 


08H 


MIE 



SCC Operating Modes Programming 

WR9 resets the SCC to a known state by writing a 
CO hex. This command, Force Hardware Reset, is 
identical to a hardware reset. 

WR4 selects asynchronous mode, x1 6 mode, 2 stop 
bits and no parity. The x16 mode means that the 
clock rate is 16 times the data rate. 

WR2 is the interrupt vector of the SCC. Even though 
a vector is not placed on the bus in this mode the 
vector including status in read from RR2. By writing 
00 H to this register the status read will be the only 
bits set in RR2. 

WR3 selects 8 bits per character and does not en- 
able the receiver. The 8 bits per character allows 8 
bits to be assembled from the data stream. The re- 
ceiver is not enabled at this time because the SCC 
is not completely initialized. 

WR5 selects 8 bits per character and does not 
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INTERRUPT WITHOUT IMTACK ASYNCHRONOUS MODE (cont'd) 



enable the transmitter. The 8 bits per character al- 
lows 8 bits to be sent as data with the least signifi- 
cant bit first. The transmitter is not enabled at this 
time because the SCC is not completely initialized. 

WR9 selects that there are no interrupts enabled. 
This will inhibit the SCC from requesting an interrupt 
from the CPU. 

WR10 selects NRZ encoding. This selects NRZ co- 
ding is to be used on the transmitter and the recei- 
ver. 

WR1 1 selects the RTxC pin to TTL clock, the trans- 
mit and receive clocks source as the baud-rate ge- 
nerator and the TRxC pin as a baud-rate generator 
output. 

WR1 2 & WR1 3 select the baud-rate generators time 
constant. The time constant is determined by the 
equation : 

Clock Frequency 

Time Constant = -2 

2 x Baud Rate x clock mode 
In this example, the clock frequency is 2.4576MHz, 
the baud rate is 9600, and the clock mode is 1 6 ; the 
time constant is 6. Converting this time constant to 
a 16-bit hexadecimal number, it becomes 0006H. 
The time constant LOW (WR1 2) is 06H and the time 
constant HIGH (WR13) is 00H. The baud rate for 
this example can be varied for as long as the data 
rate is less than 1 /4 of the PCLK rate. Table 22 gives 
the time constants for other common baud rates. 



Table 22 



Time Constants for Common 
Baud Rates. 



Baud Rate 


Divider 




Decimal 


Hex 


38400 

19200 

9600 

4800 

2400 

1200 

600 

300 

150 




2 

6 

14 

30 

62 

126 

254 

510 


OOOOH 
0002H 
0006H 
OOOEH 
001 EH 
003EH 
007EH 
OOFEH 
01FEH 


For 2.4576 MHz Clock, X 16 Mode 



WR1 4 selects the baud rate source as the RTxC pin, 
baud rate generator disabled, and inte rnal lo op- 
back. The baud-rate generator will use the RTxC pin 
as the clock source for the baud-rate generator. The 
baud-rate generator is not enabled at this time be- 
cause the SCC initialization is not complete. 



SCC Operating Mode Enables 

WR14 enables the baud-rate generator. Bit (LSB) 
is changed to a 1 to enable the baud-rate generator 
; all other bits must maintain the value selected du- 
ring initialization. 

WR3 enables the receiver. Bit (LSB) is changed 
to a 1 to enable the receiver ; all other bits must 
maintain the value selected during initialization. 

WR5 enables the transmitter. Bit 3 is changed to a 
1 to enable the transmitter ; all other bits must main- 
tain the value selected during initialization. 

SCC Operating Mode Interrupts 

WR1 enables the Tx and the Rx interrupts. The Rx 
interrupt is programmed to generate an interrupt an 
all received characters or special conditions. This 
provides an interrupt on every character received by 
the SCC. The external/status interrupts are not en- 
abled in this application. 

WR9 sets the master interrupt enable (MIE) bit 3. 
Seting this bit enables the interrupts pending to ge- 
nerate and interupt on the INT pin. 

Interrupt Routine 

When the SCC has been initialized and enabled, it 
is ready for communication. The transmitter buffer 
and the receive FIFO are both empty. An interrupt 
will not be generated until the software writes the 
first character to the transmit buffer. Once the first 
character is in the SCC shift register, the first trans- 
mit interrupt will occur. The SCC will then keep set- 
ting transmit and receive interrupts to the interrupt 
controller until the end of the message. At the end 
of the message, a Reset Transmitter Interrupt Pen- 
ding (WR0) is issued to clear the transmit interrupt. 
After the last character is read into the SCC, the in- 
terrupts will cease until another message is written 
into the transmitter. 

Once an interrupt is received and the interrupt con- 
troller vectors to the interrupt routine, RR2 is read 
from channel B. The value read from RR2 is the vec- 
tor, including status. This vector shows the status of 
the highest priority interrupt pending (IP) at the time 
it is read. Once the highest priority interrupt condi- 
tion is cleared, RR2 will show the status of the next 
highest interrupt pending, if one is present. This al- 
lows multiple interrupts to be serviced without the 
overhead of the interrupt acknowledge cycle of the 
interrupt controller. 

The following example shows how the interrupt rou- 
tine should be coded. 
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HARDWARE INFORMATION 
Absolute Maximum Ratings 



Parameter 


Test Conditions 


Unit 


Operating Temperature Z8530 B1/D1/C1 
B6/D6/C6 


to + 70 
- 40 to + 85 


°C 
°C 


Storage Temperature 


-65to+ 150 


°c 


Voltages on any Pin with Respect to GND 


- 0.3 to + 7 


V 


Total Power Dissipation 


700 


mW 


Oscillator Frequency Z8530 
Z8530A 
Z8530B 


0to4 
0to6 
0to8 


MHz 



Note : Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of these specifications is 
not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 



Test Conditions 

The characteristics below apply for the following 
standard test conditions, unless otherwise noted. All 
voltages are referenced to GND. Positive current 
flows into the reference pin. 

Figure 73 : Standard Test Load. 



Standard conditions are as follows : 
_ + 4.75 V<V CC < + 5.25 V 
_ GND=0V 
- 0°C<Ta< + 70°C 

All ac parameters assume a load capacitance of 
50 pf max. 





+ 5V 




i 21K 


FROM OUTPUT n r 


kl 1 


UNDER TEST v 




1 i 


100 pF = 




A 2S0^£ 






I T 



Figure 74 


: Open-Drain 


Test Load. 




+ 5V 




> 2.2K 




FROM OUTPUT p 
UNDER TEST 


r 50 pF 



DC Characteristics 



Symbol 


Parameter 


Test Conditions 


Min. 


Max. 


Unit 


V|H 


Input High Voltage 




2.0 


Vcc+0.3 


V 


V|L 


Input Low Voltage 




-0.3 


0.8 


V 


V H 


Output High Voltage 


Ioh =-250 uA 


2.4 




V 


Vol 


Output Low Voltage 


Iol = + 2.0 mA 




0.4 


V 


IlL 


Input Leakage 


0.4 < Vin < + 2.4 V 




± 10.0 


HA 


l0L 


Output Leakage 


0.4 < Vqut < + 2.4 V 




± 10.0 


ma 


Ice 


Vcc Supply Current 




250 




mA 



Vcc = 5 V ± 5 % unless otherwise specified, over specified temperature range. 
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HARDWARE INFORMATION (cont'd) 
Capacitance 


Symbol 


Parameter 


Test Conditions 


Min. 


Max. 


Unit 


C|N 


Input Capacitance 






10 


pf 


CoUT 


Output Capacitance 






15 


pf 


Ci/o 


Bidirectional Capacitance 






20 


pf 



f= 1 MHz, over specified temperature range. 
Unmeasured pins returned to ground. 

AC Timing Characteristics 
Figure 75 : Read and Write Timing. 
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HARDWARE INFORMATION (cont'd) 

Table 23 : AC Timing Characteristics. 



N° 


Symbol 


Parameter 


Z8530 


Z8530A 


Z8530B 


Notes* 


Min. 

(ns) 


Max. 

(ns) 


Min. 

(ns) 


Max. 

(ns) 


Min. 

(ns) 


Max. 

(ns) 


1 


TwPC1 


PCLK Low Width 


105 


2000 


70 


1000 


50 


1000 




2 


TwPCh 


PCLK High Width 


105 


2000 


70 


1000 


50 


1000 




3 


TfPC 


PCLK Fall Time 




20 




10 




10 




4 


TrPC 


PCLK Rise Time 




20 




15 




10 




5 


TcPC 


PCLK Cycle Time 


250 


4000 


165 


2000 


125 


2000 




6 


TsA(WR) 


Address to WR 4 Setup Time 


80 




80 




70 






7 


ThA(WR) 


Address to WR t Hold Time 



















8 


TsA(RD) 


Address to RD 4 Setup Time 


80 




80 




70 






9 


ThA(RD) 


Address to RD T Hold Time 



















10 


TslA(PC) 


INTACK to PCLK T Setup Time 


10 




10 




10 






11 


TslAi(WR) 


INTACK to WR 4 Setup Time 


200 




160 




145 




1 


12 


ThlA(WR) 


INTACK to WR T Hold Time 



















13 


TslAi(RD) 


INTACK to RD 4 Setup Time 


200 




160 




145 




1 


14 


ThlA(RD) 


INTACK to RD t Hold Time 



















15 


ThlA(PC) 


INTACK to PCLK t Hold Time 


100 




100 




85 






16 


TsCE1(WR) 


CE Low to WR 4 Setup Time 



















17 


ThCE(WR) 


CE to WR T Hold Time 



















18 


TsCEh(WR) 


CE High to WR 4 Setup Time 


100 




70 




60 






19 


TsCE1(RD) 


CE Low to RD 4 Setup Time 

















1 


20 


ThCE(RD) 


CE to RD t Hold Time 

















1 


21 


TsCEh(RD) 


CE High to RD 4 Setup Time 


100 




70 




60 




1 


22 


TwRD1 


RD Low Width 


240 




200 




150 




1 


23 


TdRD(DRA) 


RD 4 to Read Data Active Delay 



















24 


TdRDr(DR) 


RD T to Read Data Not Valid 
Delay 



















25 


TdRDf(DR) 


RD 4 to Read Data Valid Delay 




250 




180 




140 




26 


TdRD(DRz) 


RD T to Read Data Float Delay 




70 




45 




40 


2 



Notes : 1 . Parameter does not apply to Interrupt Acknowledge transactions. 

2. Float delay is defined as the time required for a ± 0.5 V change in the output with a maximum dc load and minimum ac load. 
* Timings are preliminary and subject to change. 
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HARDWARE INFORMATION (cont'd) 
Figure 76 : Interrupt Acknowledge Timing. 




Figure 77 : Reset Timing. 




Figure 78 : Cycle Timing. 
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HARDWARE INFORMATION (cont'd) 
Table 24 : AC Timing Characteristics. 



N° 


Symbol 


Parameter 


Z8530 


Z8530A 


Z8530B 


Notes* 


Min. 

(ns) 


Max. 

(ns) 


Min. 

(ns) 


Max. 

(ns) 


Min. 

(ns) 


Max. 

(ns) 


27 


TdA(DR) 


Address Required Valid to 
Read Data Valid Delay 




300 




280 




220 




28 


TwWFM 


WR Low Width 


240 




200 




150 






29 


TsDW(WR) 


Write Data to WR i Setup Time 


10 




10 




10 






30 


ThDW(WR) 


Write Data WR T Hold Time 



















31 


TdWR(W) 


WR i to Wait Valid Delay 




240 




200 




170 


4 


32 


TdRD(W) 


RD i to Wait Valid Delay 




240 




200 




170 


4 


33 


TdWRf(REQ) 


WR i to W / REQ Not Valid 
Delay 




240 




200 




170 




34 


TdRDf(REQ) 


RD i to W / REQ Not Valid 
Delay 




240 




200 




170 




35 


TdWRr(REQ) 


WR T to DTR / REQ Not Valid 
Delay 




4TcPC 




4TcPC 




4TcPC 




36 


TdRDr(REQ) 


RD T to DTR / REQ Not Valid 
Delay 




4TcPC 




4TcPC 




4TcPC 




37 


TdPC(INT) 


PCLK 1 to INT Valid Delay 




500 




500 




500 


4 


38 


TdlAi(RD) 


INTACK to RD I (Acknowledge) 
Delay 


250 




200 




150 




5 


39 


TwRDA 


RD (Acknowledge) Width 


250 




200 




150 






40 


TdRDA(DR) 


RD si (Acknowledge) to Read 
Data Valid Delay 




250 




180 




140 




41 


TslEI(RDA) 


IEI to RD i (Acknowledge) 
Setup Time 


120 




100 




95 






42 


ThlEI(RDA) 


IEI to RD T (Acknowledge) Hold 
Time 



















43 


TdlEI(IEO) 


■ IEI to IEO Delay Time 




120 




100 




95 




44 


TdPC(IEO) 


PCLK T to IEO Delay 




250 




250 




200 




45 


TdRDA(INT) 


RD i to INT Inactive Delay 




500 




500 




450 


4 


46 


TdRD(WRQ) 


RD T WR I Delay for No Reset 


30 




15 




15 






47 


TdWRQ(RD) 


WR T to RD I Delay for No 
Reset 


30 




30 




20 






48 


TwRES 


WR and RD Coincident Low for 
Reset 


250 




200 




150 






49 


Trc 


Valid Access Recovery Time 


4TcPC 




4TcPC 




4TcPC 




3 



3. Parameter applies only between transactions involving the SCC. 

4. Open-drain output, measured with open-drain test load. 

5. Parameter is system dependent. For any SCC in the daisy chain, TdlAi(RD) must be greater than the num of TdPC(IEO) for the 
highest priority device in the daisy chain, TslEI(RDA) for the SCC, and TdlElf(IEO) for each device separating them in the daisy 
chain. 

* Timings are preliminary and subject to change. 
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HARDWARE INFORMATION (cont'd) 
Figure 79 : General Timing. 
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HARDWARE INFORMATION (cont'd) 

Table 25 : General Timing Characteristics (cont'd). 



N° 


Symbol 


Parameter 


Z8530 


Z8530A 


Z8530B 


Notes* 


Min. 

(ns) 


Max. 

(ns) 


Min. 

(ns) 


Max. 

(ns) 


Min. 

(ns) 


Max. 

(ns) 


1 


TdPC(REQ) 


PCLK i to W / REQ Valid Delay 




250 




250 




250 




2 


TdPC(W) 


PCLK i to Wait Inactive Delay 




350 




350 




350 




3 


TsRXC(PC) 


RxC T to PCLK T Setup Time 
(PCLK + 4 case only) 


80 


TwPCL 


70 


TwPCL 


60 


TwPCL 


1.4 


4 


TsRXD(RXCr) 


RxD to RxC T Setup Time 
(X1 Mode) 

















1 


5 


ThRXD(RXCr) 


RxD to RxC T Hold Time 
(X1 Mode) 


150 




150 




150 




1 


6 


TsRXD(RXCf) 


RxD to RxC I Setup Time 
(X1 Mode) 

















1.5 


7 


ThRXD(RXCf) 


RxD to RxC i Hold Time 
(X1 Mode) 


150 




150 




150 




1.5 


8 


TsSY(RXC) 


SYNC to RxC t Setup Time 


-200 




-200 




-200 




1 


9 


ThSY(RXC) 


SYNC to RxC T Hold Time 


3TcPC 
+ 400 




3TcPC 
+ 320 




3TcPC 
+ 250 




1 


10 


TsTXC(PC) 


TxC i to PCLK T Setup Time 

















2.4 


11 


TdTXCf(TXD) 


TxC i to TxD Delay (X1 Mode) 




300 




230 




200 


2 


12 


TdTXCr(TXD) 


TxC T to TxD Delay (X1 Mode) 




300 




230 




200 


2.5 


13 


TdTXD(TRX) 


TxD to TRxC Delay 
(Send Clock Echo) 




200 




200 




200 




14 


TwRTXh 


RTxC High Width 


180 




180 




150 




6 


15 


TwRTXI 


RTxC Low Width 


180 




180 




150 




6 


16 


TcRTX 


RTxC Cycle Time 


1000 




640 




500 




6.7 


17 


TcRTXX 


Crystal Oscillator Period 


250 


1000 


165 


1000 


125 


1000 


3 


18 


TwTRXh 


TRxC High Width 


180 




180 




150 




6 


19 


TwTRXI 


TRxC Low Width 


180 




180 




150 




6 


20 


TcTRX 


TRxC Cycle Time 


1000 




640 




500 




6.7 


21 


TwEXT 


DCD or CTS Pulse Width 


200 




200 




200 






22 


TwSY 


SYNC Pulse Width 


200 




200 




200 







1 . RxC is RTxC or TRxC , whichever is supplying the receive clock. 

2. TxC i s TRx C or RTxC, whichever is supplying the transmit clock. 

3. Both RTxC and SYNC have 30 pF capacitors to ground connected to them. 

4. Paramet er ap plies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between RxC and 
PCLK or TxC and PCLK is required. 

5. Parameter applies only to FM encoding/decoding. 

6. Parameter applies only for transmitter and receiver ; DPLL and baud rate generator timing requirements are identical to chip 
PCLK requirements. 

7. The maximum receive on transmit data is 1/4PLCK. 
* Timings are preliminary and subject to change. 
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HARDWARE INFORMATION (cont'd) 

Figure 80 : System Timing. 
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HARDWARE INFORMATION (cont'd) 

Table 26 : System Timing Characteristics (cont'd). 



N° 


Symbol 


Parameter 


Z8530 


Z8530A 


Z8530B 


Notes* 

t 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


1 


TdRXC(REQ) 


RxC T to W / REQ Valid Delay 


8 


12 


8 


12 


8 


12 


2 


2 


TdRXC(W) 


RxC T to Wait Inactive Delay 


8 


12 


8 


12 


8 


14 


1.2 


3 


TdRXC(SY) 


RxC T to SYNC Valid Delay 


4 


7 


4 


7 


4 


7 


2 


4 


TdRXC(INT) 


RxC T to INT Valid Delay 


10 


16 


10 


16 


10 


16 


1.2 


5 


TdTXC(REQ) 


TxC i to W / REQ Valid Delay 


5 


8 


5 


8 


5 


8 


3 


6 


TdTXC(W) 


TxC 4 to Wait Inactive Delay 


5 


8 


5 


8 


5 


11 


1.3 


7 


TdTXC(DRQ) 


TxC 4 to DTR / REQ Valid 
Delay 


4 


7 


4 


7 


4 


7 


3 


8 


TdTXC(INT) 


TxC 4 to INT Valid Delay 


6 


10 


6 


10 


6 


10 


1.3 


9 


TdSY(INT) 


SYNC Transition to INT Valid 
Delay 


2 


6 


2 


6 


2 


6 


1 


10 


TdEXT(INT) 


DCD or CTS Transition to INT 
Valid Delay 


2 


6 


2 


6 


2 


6 


1 



Notes : 



1. Open - drain o utp ut, me asured with open-drain test load. 

2. RxC is RTxC or TRxC , whichever is supplying the receive clock. 

3. TxC is TRxC or RTxC, whichever is supplying the transmit clock. 
* Timings are preliminary and subject to change. 

t Units equal to TcPC 



PACKAGES MECHANICAL DATA 

Figure 81: Z8530 40-Pin Dual in Line Plastic 



6 



1 




4- 




-& 



Dim. 


mm 


Inches 


Min 


Typ 


Max 


Min 


Typ 


Max 


A 














a1 




0.63 






.024 




b 




0.45 






.017 




b1 


0.23 




0.31 


.009 




.012 


b2 




1.27 






.050 




C 














D 






52.58 






2.07 


E 


15.20 




16.68 


.598 




.656 


e 




2.54 






.100 




e3 




48.26 






1.90 




e4 














F 






14.10 






.555 


I 




4.45 






.175 




L 




3.30 






.129 




K1 














K2 
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PACKAGE MECHANICAL DATA (cont'd) 

Figure 82: Z8530 40-Pin Dual in Line Ceramic Multilayer. 




!E 



Dim. 


mm 


inches 


Min 


Typ 


Max 


Min 


Typ 


Max 


A 














a1 




1.27 






.050 




a2 














B 




1.27 






.050 




b1 




0.45 






.017 




b2 




0.25 






.010 




C 




2.33 






.091 




D 






51.30 






2.01 


E 




15.24 






.600 




e 




2.54 






.100 




e3 




48.26 






1.90 




F 






15.36 






.604 


L 




3.30 






.129 




K 




12.80 






.503 




K1 




12.80 






.503 





Figure 83 : Z8530 44-Lead Plastic Leaded Chip Carrier. 




mr 




Dim. 


mm 


Inches 


Min 


Typ 


Max 


Min 


Typ 


Max 


A 


17.40 




17.65 


0.685 




0.694 


B 


16.51 




16.65 


0.650 




0.655 


C 


3.65 




3.70 


0.143 




0.145 


d 














D 


4.20 




4.57 


0.165 




0.179 


d1 


2.59 




2.74 


0.101 




0.107 


d2 




0.68 






0.026 




E 


14.99 




16.00 


0.590 




0.629 


e 




1.27 






0.050 




e3 




12.70 






0.500 




e4 






1.98 






0.077 


F 




0.46 






0.018 




F1 




0.71 






0.027 




G 






0.101 






0.004 


M 




1.16 






0.045 




M1 




1.14 






0.044 




01 




1.57 
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ORDERING INFORMATION 



Sales Type 


Frequency 


Supply Voltage 


Temp. Range 


Package 


Z8530B1V 


4 MHz 


5 V ± 5 % 


to + 70 °C 


PDIP-40 


Z8530B6V 


4 MHz 


5 V ± 5 % 


- 40 to + 85 °C 


PDIP-40 


Z8530D1N 


4 MHz 


5 V + 5 % 


to + 70 °C 


CDIP-40 


Z8530D6N 


4 MHz 


5 V ± 5 % 


- 40 to + 85 °C 


CDIP-40 


Z8530D2N 


4 MHz 


5 V ± 5 % 


-55 to + 125 °C 


CDIP-40 


Z8530C1V 


4 MHz 


5 V ± 5 % 


to + 70 °C 


PLCC44 


Z8530C6V 


4 MHz 


5 V + 5 % 


- 40 to + 85 °C 


PLCC44 


Z8530AB1V 


6 MHz 


5 V ± 5 % 


to + 70 °C 


PDIP-40 


Z8530AB6V 


6 MHz 


5 V + 5 % 


- 40 to + 85 °C 


PDIP-40 


Z8530AD1N 


6 MHz 


5 V ± 5 % 


to + 70 C C 


CDIP-40 


Z8530AD6N 


6 MHz 


5 V + 5 % 


- 40 to + 85 °C 


CDIP-40 


Z8530AD2N 


6 MHz 


5 V ± 5 % 


- 55 to + 1 25 °C 


CDIP-40 


Z8530AC1V 


6 MHz 


5 V ± 5 % 


to + 70 °C 


4 PLCC44 


Z8530AC6V 


6 MHz 


5 V ± 5 % 


- 40 to + 85 °C 


PLCC44 


Z8530BB1V 


8 MHz 


5 V ± 5 % 


to + 70 °C 


PDIP-40 


Z8530BB6V 


8 MHz 


5 V ± 5 % 


- 40 to + 85 °C 


PDIP-40 


Z8530BD1N 


8 MHz 


5 V ± 5 % 


to + 70 °C 


CDIP-40 


Z8530BD6N 


8 MHz 


5 V ± 5 % 


- 40 to + 85 °C 


CDIP-40 


Z8530BC1V 


8 MHz 


5 V ± 5 % 


to + 70 °C 


PLCC44 


Z8530BC6V 


8 MHz 


5 V ± 5 % 


- 40 to + 85 °C 


PLCC44 



Note : PDIP = Plastic DIP ; CDIP = Ceramic Multilayer DIP ; PLCC = Plastic Leaded Chip Carrier. 
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APPLICATION NOTE 



INTERFACING Z8500 UNIVERSAL PERIPHERALS 

TO THE TS68000 



INTRODUCTION 

This Application Note discusses interfacing the 
SGS-THOMSON Z8500 family of peripherals to the 
TS68000 microprocessor. The Z8500 peripheral fa- 
mily includes the Z8536 Counter/Timer and Parallel 
I/O Unit (CIO), The Z8038 FIFO Input/Output Inter- 
face Unit (FIO), and the Z8530 Serial Communica- 
tions Controller (SCC). This document discusses 
the Z8500/68000 interfaces and presents hardware 
examples, and verification techniques. One of the 
three hardware examples given in this paper shows 
how to implement the Z8500/68000 interface using 
a single-chip programmable logic array (PAL). 

This Application Note about interfacing supple- 
ments the following documents, which discuss the 
individual components of the interface. 

■ Z8038 FIO/FIFO Datasheet 

■ Z8530 SCC Datasheet 

■ Z8531 A-SCC Datasheet 

■ Z8536 CIO Datasheet 

■ TS68000 Datasheet 

This Application Note is divided into four sections. 
The first section gives a general description of the 
Z8500 family and discusses pin functions, interrupt 
structures, and the programming of operating 
modes. The second section discusses the Z8500 in- 
terface itself. It shows how the different Z8500 
control signals are generated from the 68000 si- 
gnals and summarizes the critical timings for the 
three types of bus cycles. The third section shows 
three examples of implementing the TS68000 to 
Z8500 peripheral interface. The fourth section sug- 
gests methods of verifying the interface design by 
checking the three different types of bus cycle : 
Read, Write, and Interrupt Acknowledge. 

GENERAL Z8500 FAMILY DESCRIPTION 

The Z8500 family is made up of programmable pe- 
ripherals that can interface easily to the bus of any 
nonmultiplexed CPU microprocessor, such as the 
TS68000. The three members of this family, the 
CIO, SCC, and FIO, can solve many design pro- 
blems. The peripherals' operating modes can be 
programmed simply by writing to their internal regis- 
ters. 



PROGRAMMING THE OPERATING MODES 

The CPU can access two types of register : Control 
and Data. Depending on the peripheral, registers 
are selected with either the Ao, Ai, A/B, or D/C func- 
tion pins. 

Peripheral operating modes are initialized by pro- 
gramming internal registers. Since these registers 
are not directly addressable by the CPU, a two-step 
procedure using the Control register is required : 
first, the address of the internal register is written to 
the Control register, then the data is written to the 
Control register. A state machine determines whe- 
ther an address or data is being written to the Control 
register. Reading an internal register follows a simi- 
lar two-step procedure : first, the address is written 
then the data is read. 

The Data registers that are most frequently acces- 
sed, for example, the SCC's transmit and receive 
buffer, can be addressed directly by the CPU with a 
single read or write operation. This reduces over- 
head in data transfers between the peripheral and 
CPU. 

GENERATING Z8500 CONTROL SIGNALS 

This section shows how to generate the Z8500 
control signals. To simplify the discussion, the sec- 
tion is divided into two parts. The first part takes each 
individual Z8500 signal and shows how it is genera- 
ted from the TS68000 signals. The second part dis- 
cusses the Z8500 timing that must be met when 
generating the control signals. 

Z8500 SIGNAL GENERATION 

The right-hard side of table 1 lists the Z8500 signals 
that must be generated. Each of these signals is dis- 
cussed in a separate paragraph. 

Ao,Ai, A/B, D/C. These pins are used to select the 
peripheral's Control and Data registers that program 
the different operating modes. They can be connec- 
ted to the TS68000 Ai and A2 Address bus lines. 

CE. Each peripheral has an active Low Chip Enable 
that can be derived by ANDing the selected address 
decode and the 68000's Address Strobe (AS). The 
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active Low AS guarantees that the TS68000 ad- 
dresses are valid. 

D0-D7. The Z8500 Data bus can be directly connec- 
ted to the lowest byte (D -D 7 ) of the 68000 Data bus. 

IEI, IEO. The peripherals use these pins to decide 
the interrupt priority. The highest priority device 
should have its IEI tied High. Its IEO should be 
connected to the IEI pin of the next highest priority 
device. This pattern continues with the next highest 
priority peripheral, until the peripherals are all 
connected, as shown in Figure 1. 

INT. The interrupt request pins for each peripheral 
in the daisy chain can be wire-ORed and connected 
to the 68000's ILP n pins. The 68000 has seven in- 
terrupt levels that can be encoded into the ILP o, 
ILP 1, and ILP 2 pins. Multiple 68000 interrupt levels 
can be implemented by using a multiplexer like the 
74LS148. 



INTACK. The INTACK pin signals the peripheral 
that an Interrupt Acknowledge cycle is occurrin g. 
The following equation describes how INTACK is 
generated : 

INTACK = (FCo) . (FC1) . (FC 2 ) . (As) 

The 68000 FC0-FC2 are status pins that indicate an 
Interrupt Acknowledge when they are all High. They 
should be ANDe d with in verted AS to guarantee 
their validity. The INTACK signals must be synchro- 
nized with PCLK to guarantee set-up and hold 

Table 1 : Z8500 and TS68000 Pin Functions. 



times. This can be accomplished by changing the 
state of I NTACK on the falling edge of PCLK. If the 
INTACK pin is not used, it must be tied High. 

PCLK. The SCC and CIO require a clock for inter- 
nal synchronization. The clock can be generated by 
dividing down the 68000 CLK. 

RD. The Read strobe goes active Low under three 
conditions : hardware reset, normal Read cycle, and 
an Interrupt Acknowledge cycle. The following 
equation describes how RD is generated : 

RD = [(R/W) . (AS) + RESET)] 

The Read strobe timing must meet both the Read 
timing and Interrupt Acknowledge timing discussed 
in the following section. In addition toenabling the 
Data bus drivers, the falling edge of RD sets the In- 
terrupt Under Service (IUS) bits during an Interrupt 
Acknowledge cycle. 

WR. This signal strobes data into the peripheral. A 
data to-write setup time requires that data be valid 
before WR goes active Low. The WR equation for 
generating the WR strobe is made up of two com- 
ponents : an active reset and a normal Write cycle, 
as shown in the allowing equation : 

WR = [(R/W) . (AS) + RESET] 

Forcing RD and WR simultaneously Low resets the 
peripherals. 



TS68000 Signals 


Z8500 Signals 


Mnemonic 


Function 


Mnemonic 


Function 


AJ.-A23 

AS 
CLK 

D0-D15 

DTACK 

FCo-FC^ 

ILPjq-ILP 2 

R/W 

VMA 

VPA 


Address Bus 

Address Strobe 

68000 Clock (8MHz) 

Data Bus 

Data Transfer Acknowledge 

Processor Status 

Interrupt Request 

Read/write 

Valid Memory Address 

Valid Peripheral Address 


A& A^ , A/B, D/C* 

CE 

D0-D7 

IEI, IEO 

INT 

INTACK 

PCLK 

RD 

WR 


Register Select 

Chip Enable 

Data Bus 

Interrupt Daisy Chain Control 

Interrupt Request 

Interrupt Acknowledge 

Peripheral Clock 

Read Strobe 

Write Strobe 



Note : * The register select pins on each peripheral have different names. 
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Z8500 TIMING CYCLES 

This section discusses the timing parameters that 
must be met when generating the control signals. 
The Z8500 family uses the control signals to com- 
municate with the CPU via three types of bus cycle : 
Read, Write, and Interrupt Acknowledge. The dis- 
cussion that follows pertains to the 4MHz periphe- 
rals, but the 6MHz devices have similar timing 
considerations. 

Although the peripherals have a standard CPU in- 
terface, some of their particular timing requirements 
vary. The worst-case parameters are shown below ; 
the timing can be optimized if only one or two of the 
Z8500 family devices are used. 

READ CYCLE 

The Read cycle transfers data from the peripheral 
to the CPU. It begins by selecting the peripheral and 
appropriate register (Data or Control). The data is 
gated onto the bus with the RD line. A setup time of 
80ns from the time the register select input (A/B, 
C/D, Ao, Ai) are stable to the falling edge of RD gua- 
rantees that the proper register is accessed. The ac- 



cess time specification is usually measured from the 
falling edge of RD to valid data and varies between 
peripherals. The SCC specifies an additional regis- 
ter select to valid data time. The Read cycle timing 
is shown in figure 2. 

WRITE CYCLE 

The Write cycle transfers data from the CPU to the 
peripheral. It begins by selecting the peripheral and 
addressing the desired register. A setup time of 
80ns from register select stable to the falling edge 
of WR is required. The data must be valid prior to 
the falling edge of WR. The WR pulse width is spe- 
cified at 400ns. Write cycle timing is shown in fi- 
gure 2. 

INTERRUPT ACKNOWLEDGE CYCLE 

The Z8500 peripheral interrupt structure offers the 
designer many options. In the simplest case, the 
Z8500 peripherals can be polled with interrupts di- 
sabled. If using interrupts, the timing shown in figure 
2 should be observed. (Detailed discussions of the 
interrupt processing can be found in the relevant da- 
tasheet). 



Figure 1 : 


Peripheral Interrupt Daisy Chain. 
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An interrupt sequence begins with an INT going ac- 
tive because of an interrupt condi tion. The CPU ac- 
knowledges the interrupt with an INTACK signal. 

A daisy-chain settle time (dependent upon the num- 
ber of devices in the chain) ensures that the inter- 
rupts are prioritized. The falling edge of RD causes 
the IUS bit to be set and enables a vector to go out 
on the bus. 

The table given figure 1 can be used to calculate the 
amount of settling time required by a daisy chain. 

Figure 2 : Z8500 Interface Timing (4MHz). 



Even if there is only one peripheral in the chain, a 
minimum settling time is still required because of the 
internal daisy chain. The first column specifies the 
amount of settling time for only one peripheral. If 
there are two peripherals, the time is computed by 
adding together the times shown in the first and the 
last columns. For each additional peripheral in the 
chain, the time specified in the middle column is ad- 
ded. 
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RECOVERY TIME 

The read/write recovery time specifies a minimum 
amount of time between Read or Write cycles to the 
same peripheral. The recovery time differs among 
peripherals and is summarized in figure 3. In most 
cases, this parameter is met because of the time re- 
quired for instruction fetches. The recovery time 
specification does not have to be met if CE is dese- 
lected when Read or Write occurs. 

68000 INTERFACE EXAMPLES 

This section shows three examples, presented in in- 
creasing order of complexity, for interfacing the 
4MHz Z8500 peripherals to an 8MHz TS68000. 
Faster CPUs or peripherals can be used by modi- 
fying some of the timing. These examples suggest 
possible ways of implementing the interface but may 
require some modifications to operate properly. 
They were chosen because they give the user a va- 
riety of interface design ideas. The first example 
uses a minimum amount of TTL logic to implement 
t he in terface because the Valid Peripheral Address 
(VPA) cycle meets the Z8500 timing requirements. 
In this mode the 68000 accepts only nonvectored 
interrupts. The secon d examp le uses the Data 
Transfer Acknowledge (DTACK) pin. This interface 
allows faster operation and makes use of the 

Figure 3 : Recovery Time. 



Z8500's 8-bi t vectore d interrupts. The third example 
also uses a DTACK cycle and is similar to the se- 
cond, except the external logic is integrated into a 
single chip, the PAL20X10 programmable array lo- 
gic. 

EXAMPLE 1 : A TTL INTERFACE USING A VPA 
CYCLE 

The 6800 has a special input pin, Valid Peripheral 
Address (VPA), that can be activated by the Z8500 
chip select logic at the beginning of the cycle to in- 
dicate to the 68000 that a peripheral is being acces- 
sed. This generates a special Read/Write cycle that 
meets the peripheral timing requirements. This cy- 
cle allows the Z8500 control signals to be genera- 
ted easily. The 68000 responds to interrupts using 
an autovector and the Z8500 can be programmed 
not to return a vector. 

' Figure 4 shows how the hardware can be implemen- 
ted. PCLK is generat ed by divid ing down the 68000 
CLK. RD, WR, and INTACK are simply ANDed 
68000 singnals. The worst-case daisy-chain settle 
time is 450ns. Connecting INT to IPL o generates a 
level 1 interrupt. The internal registers are accessed 
by Ao, Ai , D/C and A/B, which can be the 68000 lo- 
west order addresses. The timing is shown in fi- 
gure 5. 
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Greater than 3 PCLK cycles or 1000ns 

Greater than 1000ns 

Greater than 6 PCLK cycles + 200ns 



Note : the diagram shows that the recovery time is measured between consecutive reads and writes only if the peripheral is selected. 
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Figure 4 : Interface Using the VPA Cycle. 
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Figure 5 : VPA Cycle Timing. 
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FUNCTIONAL DESCRIPTION 

VPA is pulled Low at the beginning of the cycle and 
the CPU automatically inserts Wait states until E is 
synchronized. 

VPA = [(AS) . (CE)] 

RD = [(CE) . (VMA) . (R/W)] 

WR = [(CE) . (VMA) . (R/W)] 

INTACK = [(FCO) . (FC1) . (FC2) . (AS)] 

EXAMPLE 2 : A TTL INTERFACE USING DTACK 
CYCLES 

Using at the 68000 Data Transfer Acknowledge 
(DTACK) cycle is a second way of interfacing to the 
Z8500 p eriphera ls. The 68000 inserts Wait states 
until the DTACK input is strobed Low to complete 
the transfer. In addition to generating the control si- 
gnals, the interface logic must also generate 
DTACK. 

The timing shown in figure 6 can be generated by 
the hardware shown in figure 7. The 8-bit Shift re- 
gister (74LS164) is used to generate the proper ti- 



ming. At the beginning of each cycie, Qa (figure 7) 
is set High for one PCLK cycle and then reset. This 
pulse is shifted through the Qa-Qh outputs and is 
used to generate RD, WR, and DTACK signals. 
Some of the extra Wait states can be eliminated by 
tapping the Shift register sooner (e.g., Qc). 

EXAMPLE 3 : SINGLE-CHIP PAL INTERFACE 

This example illustrates how to interface the 4MHz 
Z8500 peripherals to the 8MHz 68000 using a 
PAL20X10 device to generate all the required 
control signals. The PAL reduces the required inter- 
face logic to a single chip, thus minimizing board 
space. This interface offers flexibility because the 
internal logic can be reprogrammed without chan- 
ging the pin functions. The PAL uses 68000 signals 
to generate Read, Write, and Interrupt Acknowledge 
cycles. In addition to generating the Z8500 c ontrol 
signals, the PAL also generates a DTACK (Data 
Transfer Acknowledge) to inform the 68000 of a 
completed data transfer cycle. This allows the 
68000 to use the peripheral's vectored interrupts. 



Figure 6 : Timing for DTACK Interface. 








| SO ! * | S2 | S3 | S4 | 
CLK I 1 1 1 1 1 1 1— J 1 1 L J L_J 

PCLK \ / \ / \ / V 






55 1 S6 1 S7 1 SO 


„ / \ 


/ 










/ 


\ 






r~ 


\ 








RD/WR 


\ 


/ 


DTACK 




\ 


r 


IHTACK \ 





/=7 SGS-THOMSON 

^7# «i®!U©1Fl©«S 



7/12 



627 



APPLICATION NOTE 



Figure 7 : Hardware Diagram for DTACK Interface. 
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FUNCTIONAL DESCRIPTION 

Figure 8 shows the PAL's pin functions. The PAL 
generates fiv e control signals, of which four (WR, 
RD, Co, and INTACK) go to the Z8500 and one 
(DTACK) goes to the 68000. The remaining signals 
are used internally to generate these outputs. Ti- 
ming diagrams for the Read, Write, and Interrupt 
Acknowledge cycles are shown in Figure 9. 

The PAL uses a 4-bit downcounter to generate the 
proper placement of the control signals where Co is 
the least-significant bit and C3 is the most-significant 
bit. All of the PAL is clocked with the rising edge of 
the 68000's CLK. The counter toggles between 
counts 14 and 15 and starts counting down when 
AS goes active. The counter goes back to toggling 
when AS goes inactive. CYC goes active Low at the 
same time the counter starts counting down. The 
equations in Table 2 can be entered into a develop- 
ment board to program the PAL. 



Figure 8 : PAL Pinout. 
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Figure 9 : PAL Interface Timing. 
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Table 2 


: PAL Equations. 
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HARDWARE DIAGRAM 

The hardware diagram of the PAL interface is shown 
in figure 10. The 68000 signals CLK, CS, AS, R/W, 
FCo, FCi and FC2 are used to generate the Z8500 
control signals. The control signals are synchronous 
with the rising edge of the 68000's CLK. TEST and 
OE mu s t b e grounded. CS is used to enable 
DTACK, RD, and WR as shownjn the equations. 
The Z8500 INT is connected to ILP 0, which gene- 
rates a 68000 level 1 interrupt. The peripherals are 
memory-mapped into the highest 64K byte block of 
memory, where A17 - A23 equals "FFh". Addresses 
A4 - A6 are used to select the peripheral ; A1 - A3 se- 
lect the internal registers. Table 3 shows the peri- 
pheral's memory map. 

Table 3 : Peripheral Memory Map. 



Peripheral 


Register 


Hex Address 


SCC (Z8530) 


Channel B Control 
Channel B Data 
Channel A Control 
Channel B Data 


FF0020 
FF0022 
FF0024 
FF0026 


CIO (Z8536) 


Port C's Data Register 
Port B's Data Register 
Port A's Data Register 
Control Register 


FF0010 
FF0012 
FF0014 
FF0016 


FIO (Z8038) 


Data Register 
Control Register 


FF0000 
FF0002 



INTERFACE VERIFICATION TECHNIQUES 

This section suggests possible ways of verifying the 
Read, Write, and Interrupt Acknowledge cycles. 

READ CYCLE VERIFICATION 

The Read cycle should be checked first because it 
is the simplest operation. The Z8500 should be 
hardware reset by simultaneously pulling RD and 
WR Low. When the peripheral is in the reset state, 
the Control register containing the reset bit can be 
read without writing the pointer. Reading back the 
FIO and CIO Control register should yield a 01 h. 

The SCC's Read cycle can be verified by reading 
the bits in RR0. Bits D2 and D6 are set to 1 and bits 
Do, D1, and D7 are 0. Bits D3 - D5 reflect the input 
pins DCD, SYNC, and CTS, respectively. 

WRITE CYCLE VERIFICATION 

This Write cycle can be checked by writing to a re- 
gister and reading back the results. Both the CIO 
and FIO must have their reset bits cleared by wri- 



ting 00h to their Control registers and reading back 
the result. The SCC can be checked by writing and 
reading to an arbitrary read/write register, for exam- 
ple, the Time Constant register (WR12 or WR13). 

INTERRUPT ACKNOWLEDGE CYCLE VERIFI- 
CATION 



Verifying an Interrupt Acknowledge (INTACK) cycle 
consists of several steps. First, the peripheral 
makes an Interrupt Request (INT) to the CPU. When 
the processor is ready to servi ce the inte rrupt, it ini- 
tiate an Interrupt Acknowledge (INTACK) cycle. This 
peripheral then puts an 8-bit vector on the bus, and 
the 68000 uses that vector to get to the correct ser- 
vice routine. This test checks the simplest case. 

First, load the Interrupt Vector register with a vector, 
disable the Vector Includes status (VIS), and enable 
interrupts (IE = 1, MIE = 1, IEI = 1). Disabling VIS 
guarantees that only one vector is put on the bus. 
The address of the service routine corresponding to 
the 8-bit vector number must be loaded into the 
68000's vector table. 

Initiating an interrupt sequence in the FIO and CIO 
can be accomplished by setting one of the interrupt 
pending (IP) bits and seeing if the 68000 jumps to 
the service routine (setting a breakpoint at the be- 
ginning of the service routine is an easy way to 
check if this has happened). 

Initiating an interrupt sequence in the SCC is not 
quite as simple because the IP bits are not as ac- 
cessible to the user. An interrupt can be generated 
indirectly via the CTS pin by enabling the following : 
CTS IE (WR15 20), EXT INT EN (WR1 01 ), and MIE 
(WR9 08). Any transition on the CTS pin can initiate 
the interrupt sequence. The interrupt can be re-en- 
abled by RESET EXT/STATUS INT (WR0 10) and 
RESET HIGHEST IUS (WR0 38). 

CONCLUSION 

SGS-THOMSON Z8500 family of nonmultiplexed 
Address/Data bus peripherals can interface easily 
with the SGS-THOMSON TS68000 and provide all 
the support required in a high-performance micro- 
processor system. The many features offered by the 
SCC, FIO and CIO solve many system design pro- 
blems by making interfacing to the external world 
easy. These intelligent peripherals also greatly en- 
hance the system performance by relieving the CPU 
of many burdensome overhead tasks. Additionally, 
the powerful interrupt structure allows the TS68000 
to use vectors and reduce interrupt response time. 
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